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GENEUAL INTROvUOTION 
Two strains of mice, 057B1j6 and SO-I, were investigated 
in this laboratory while screening tranquilizing agents (Bour-
gault and Karczmar, 1961). In the course of these attempts, 
marked behavioral differences between these two strains became 
apparent (Bourgault et al., 1963). Observation of C57Blj6 
mice revealed that they were more reactive than 30-1 mice and 
that they squirmed or squealed more when handled. It was 
thought, therefore, of interest to use these two strains of 
mice, each relatively homogeneous biologically, to study the 
relationship of behavioral, pharmacological, neurophysiologica 
and biochemioal characteristics. The major intent was comp-
arative and descriptive in hope that an understanding of many 
aspects of these two different living systems would throw 
light on the biologioal basis of behavior. The parameters 
studied were aggressive behavior; escape and avoidance be-
havior, motor activity; drug effects, electroshock and pentyl-
enetetrazol convulsions; and brain levels of serotonin, nor-
epinephrine and acetylcholine. 
Although as comprehensive an analysis as this one has not 
been attempted before, many separate aspects of the present 
investigation have been explored. It was shown for instance 
that inherent differences in aggression, avoidance, and motor 
activity exist between different strains of animals (Yerkes, 
1916; Dawson, 1932; Scott, 1942; Rundquist, 1933). Other in-
vestigators (Kornetsky et al., 1957; Kornetsky, 1963; Shagass, 
1960; Shagaas and Jones, 1958; Shagass et al., 1956, 1959) 
have attempted to correlate behavioral parameters with pharma-
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cological eff~cts, while still other workers (Maas, 1962, 1963; 
CaslJari, 1960) have tried to correlate behavioral and bio-
chemical parameters. Similarly, studies of Toman (1958) indi-
cate a relationship ·bet~reen the adrenergic system iSctld latency 
of electroshock response. Generally, in tbis tY1'e of study, 
the interrelationship of various parameters has not been com-
pared in different strains of animals. 
The strains of mice used in this study, the 057B1/6 and 
the 80-1 mice have not been compared previously. However, 
other strains of mice and also other species have been studied 
in a manner which relates to separate aspects of the proposed 
problem and w~lich will be discussed under separate topic 
headings. For example, King (1957b) has compared the agonistic 
behavior of two genera, Mus musculus, 051Bl/IO strain, and the 
Peromyscus maniculus bairdii. !'4aas (1962, 1963) and Cas.;;:ari 
(1960) have measured brain levels of serotonin and norepine-
phrine and have attempted to correlate them with aggression in 
mice of C51Bl/10 and CF-1 atrcdns. 
Finally, the various as.!:-'ects of th.;: .:.)resent problem have 
been investigated s ep:;.rat ely , tind are discussed in this thesis 
under separate chapter headings. 
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variable. The C57Bl were quite labile in behavior. They 
readily adjusted to new situations as they arose. Among DBA 
mice, each encounter between individuals was followed by an 
exhibition of social position. usually by fighting. This led 
to development of a rigid hierarchy. '.rhe C57Bl mice rarely 
fought. Two individuals seeking the same goal alternately re-
linquished priority to it. This relinquishing of priority 
essentially replaces the hierarchal organization seen in DBA 
mice. In a study by Arnold et ale (1959) C57Bl were found to 
be more variable in motor activity than DBA. 
It seems then that the differences in results observed by 
different investigators concerning aggression in C57Bl mice may 
be dependent on the high degree of adaptability of this strain. 
It is likely that this strain is pacific in a normal environ-
ment, but that with changing environment it cun become a very 
efficient fighter. 
Effect of Sex 
Factors involved in fighting were investigated by many 
workers. Since spontaneous fighting referred to above occurs 
in male mice and very rarely in female mice, the effect of 
androgens have been studied by several workers. Androgens are 
known to stimulate aggressive behavior in vertebrate males, and 
in females who normally have a high endogenous level (Co1lia8, 
1944) • 
In strains of Mus Musculus evidence indicates that andro-
gens increase aggressive behavior in male but not in female 
mice. Beeman (1947) studied the effect of testosterone in both 
C57Bl/lO and Balb/C strain. Castration of immature or adult 
male mice resulted in the failure to display aggressive be-
havior. Implanted testosterone pellets induced castrate_ 
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mice of both strains to display aggressive behavior that is 
similar qualitatively and quantitatively to behavior of normal 
male mice. Removal of pellets resulted in almost immediate 
cessation of aggressiveness in the majority of mice. Immature 
males but not female mice will fight when given testosterone 
(Levy and King, 1953; Levy, 1954). Gonadectomized females 
(Tollman and King, 1956) receiving testosterone did not exhibit 
a ~reater degree of aggression than intact females. Tollman 
and King (1956) suggest that these sex differences are probably 
not due to different rates of detoxification of androgens since 
organic chal~es of the uterus and adrenals resulting from andro 
gens occur and are vrogressive and do not correspond to peak 
aggressive response when present in tile female. 
Although the sex hormones are a major factor in the 
differences between the sexes, Eayrs (1952) suggests that this 
may be due to structural differences between male and female 
CNS which Beach (1947) believes results in a greater suscepti-
bility of male CNS to sensitizing action of testosterone. 
The aggressive response of male mice usually emerges in 
the presence of another male and not a female. The female may 
not present olfactory or behavioral stimuli necessary to induce 
aggressive behavior (Tollman and King, 1956). It was observed 
in the C57BI/IO that the l;resence of a female may inhibit the 
aggressiveness of one male towards another. This was supported 
by lrederioson et al. (1955b) who found that the fighting 
latenoy time of the above strain was delayed in presence of a 
female but not in presence of an extra male. He also found 
that sexual experience caused a drop in aggressiveness in this 
strain. Balb/e mice were not affected in either situation. 
Gustafson and Vinokur (1960) found that neither sexual sati-
ation or female hormone had an effect on aggressive behavior 
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of the male Balb/C. 
Bffect of Isolation 
Most investigators testing aggression in mioe isolate 
subjects for various periods of time. The exact meohanism of 
the effect of these isolation periods on aggression is [lot kno 
King (King et al., 1:154; King, 1957a) studied the effeot upon 
later aggression of male mice isolated for different periods 
after weaning. C57BI/IO and Balb/C strains were isolated at 15 
to 45 days after birth until tested at 110 days. Balb/C were 
not affected in their aggressive behavior by these different 
periods of early isolation. However, C57.Bl/lO that were iso-
lated at 20 to 25 days of age were less aggressive than those 
which were isolated between 30 to 45 days indicating that in 
this strain isolation before mice reach 30 days of age inhibits 
aggressive behavior. The inhibition of aggression due to iso-
lation during this critical period was {l.ot due to prohibition 
of overt fighting and competition for food, water a.nd spaoe 
since a group of these mice isolated at 20 ~ays but separated 
by a screen partition behaved like mice isolated at 30 days. 
King (1957a) suggests that the investigatory period preoeding 
behavior is prolonged among the isolated C57BI/6 because they 
have not seen ano'~her muuse since weaning at 20 days. In oon-
trast those mice which have had the opportunity to investiga.te 
other mice through a wire screen :for only 10 days following 
weaning acquired suffioient experience with each other to rea.ot 
aggressively in a fighting situation. Bauer (1956) found that 
C57Bl/10 and Balb/e strains isolated from. 30 days did not diffe 
from mice that lived with one female from 30 days of age when 
they were tested at ages from 70 to 134 days. The similarity 
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in results .probably depend on the lack of .lJreViOU8 agonistic 
experience in both situations since neither the lone male nor 
the male with the female will fight. Kahn (1954) finds that 
C57Bl/10 mice raised in isolation from 21 days of age were more 
defensive, aggressive and less investigatory than those reared 
to maturity with siblings by mother. Although one would expect 
the C57Bl/10 raised in isolation from 21 days to be less aggres 
sive than the non-isolates, the presence of the mother may have 
an inhibitory effect, or since male siblings are present the 
m0use tested has already experienced non-fighting behavior with 
males. Fredericson (1949) isolated animals at 21 days and 
found that if they were brought together for a short period 
daily all the animals fought vigorously by 36 days of age. 
It has often been observed that litter-mates which are 
raised together may live peacefully in the same box even at an 
advanced age, and Scott (1946) has found considerable difficul-
ty in training these mice to fight. However, it is also well 
known that a considerable amount of fighting takes place in 
stock mice that are caged together. This quality may vary con-
siderably in different strains (Calhoun, 1950a). It may also 
be a result of social disorganization (Calhoun, 1950b) which 
reflects a vague territoriality. In a well organized society 
of mice or rats little fighting occurs but when strange animals 
are introduced into such a colony considerable fighting ensues. 
For instanoe, in the case of a predatory mouse, Onychomys 
leucogaster, it was found that when mice were returned to their 
OVIl cages between "training-to-fight" episodes there was no 
fighting within the grQup. Mice that were housed separately 
during training and returned to their cages at the end of the 
training period participated in considerable fighting which 
reached destructive proportions (Clark, 1962). 
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It thus seems that the use of isolation in testing aggress-
ive behavior in the laboratory achieves first of all the creatiol 
of constant conditions for the testing of behavior 80 that the 
contact of the animals can be observed and controlled. Second, 
isolation may establish territorial rights over the area since 
aggressive tests are usually conducted in the same cages in 
which the mice are housed. Third, isolation may prevent the 
normal adaptation that occurs in mice that are raised together, 
and create a situation which is similar to that of a disorgan-
ized society where considerable fighting takes place. This 
effect would then be dependent to some extent on the normal 
social adaptability of each species or strain which has been 
shown to differ. Fourth, if isolation takes place before 32-36 
days of age, it may have an inhibitir~ effect on aggressive be-
havior since no fighting is observed before this time. This has 
been shown to be true for C57Bl/IO but not for Balb/C strain 
(King, 1957a). Fifth, isolation may create internal change that 
is not related to above faotors; this change may be strain 
specific. Christian (1956) has reported a change in weight of 
adreI~l glands, thymus and seminal vesicles in mice after 
periods of isolation. 
~ 
Another major factor which influences fighting behavior in 
mice is pain (Scott, 1946; Scott and Fredericson, 1951). When 
mice are pinched on the tail with force}u from the day of birth 
they develop a habit of biting the forceps. This occurs 
approximately at the time of opening of the eyes (about 2 weeks 
of age) and long before spontaneous aggressive behavior takes 
place in the male; it occurs in both male and female. lt also 
seems that the vigorous grooming and investigation that takes 
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place between males may accidently cause slight pain and incite 
fighting behavior. 
(;'Kelly and Stec:-;.le (1939), Daniel (1943), and Ulrich and 
Azrin (1962) have obtained fighting behavior in mice and rats 
when electric shock was applied. Ulrich and Azrin (1962) re-
port that the fighting induced in tnis way is different in 
appearance from normal fighting, and that it is of' short durat-
ion. This fighting takes place regardless of sex, strain, ~re­
vious experience with each other, or the number of animals 
~resent when shocked. 3imilar responses were seen in strains 
of rats whether they proved more or leso aggressive in other 
tests. With this testing iJrocedure rats will attack other 
small animals such as hampsters or guinea pigs; attack will 
occur whether or not the yartner ~rticipates. Hampsters also 
respond to shock by fighting, while guinea pigs do not. Tedes-
chi et ale (1959) used this method in male mice and obtained 
fighti!lg in 65% of mice tested. '£he stereotypic posi-tion of 
these mice is similar to the stereotypic position in rats. It 
is not known whether or not the response would be similar in 
females, in other strains, and under different environmental 
conditions, but from the work of Ulrich and Azrin (1962) simi-
lar responses could be expected. 
Pain is thus a strong stimUlus to behavior of an aggesaive 
type in both males and females. It is possible that shock sti-
mulus is strong enough to overcome both high and low -thresholds 
to aggressive behavior and may eliminate some of toe difference 
in response in different strains and species. If the electro-
shock stimulus for fighting is strong and constant any differ-
ences observed between animals -would be apt to reflect 
aggressiveness that is iildependent of the normal sensory 
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st1wulUB threshold to f'if~ht1ng. On the other hand any dif-
ferences in threshold might re,t.lresent differences in necessary 
sensory input before fi5hting occurs. 
@:,;,verience and Other Factors 
infantile experience is a factor whioh influences aggress-
ive behavlor.rl'Jioe that are severely defeated at 1mmature age 
will be leso aggressive as adults (Kahn, 1951). The effeot of 
isolution has already been disoussed. Levine (1959) has de-
monstrated that ha.ndling of C511fl/10 mice in infanoy reBul ted 
in inoreased aggressiveness estecially during the first fight 
trials. These data are consistent with previous data obtained 
ueing rats and dogs (Fisher, 1956). 
Other factors that might affect fiehting behavior are 
weight and physical vell being. Uhrich (1940) studied the 
effect of weight ulJon vinnill8 and concluded that if a mouse is 
5 gms. heavier than his i-8rtner it has a tendency to win a 
fight. In his studies he found that relative age was of no 
oonsequenoe if weight differences were not too great. Weight 
a~parel1tly nas no effect upon initiation of a fight. 
Beeman and Allee (1945) studied the effect of thiamine 
deficiency on soc1al dominanoe and found that only when the 
state of general debilitat.:kn f.lad been reached was there 80me 
change in social status, and tha.t this occurred only with Ulice 
intermediate in the social hierarchy. Vogel (1950) found the 
.x. irradiation did not CatiSe a change in dO~Dinance-subordinatiol 
l;attern. ShcJrt1y before death all signs of fight tng ceased. 
it seems then that once the domin~nce-subordination ~attern 
is firmly established it is very difficult to cha.nge it. 
All of the disCllss10n thus far e.xce,t.:t where sta.ted deals 
with fignting between male mice. Competition for food is 
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another type of ag~ressive behavior in mice. It differs from 
spontaneous fighting since it can be elicited in both male and 
female (Fredericson, 1952a; lredericson and Birbaum, 1954). 
Actual fighting occurs, however, only when the mice have been 
previously deprived of food and when only one piece of loose 
food is available. In the two strains studied, the C57B1/10 
actively fought for possession of the food pellet while the 
Balb/C mice did not fight but ate the food together (Frederioson 
1951, 1952a). The C57B1/10 mioe that had learned competitive 
fighting did not fight but exhibited possessive behavior, when 
ample food was present, which consisted in taking possession of 
food, carrying it around the cage, hunohing over it and quiokly 
running away with it when other mice approached (Fredericson, 
1952b). When the Halb/C strain was placed in a competitive 
situation with the C57B1/10, fighting oocurred, but when the 
Balb/C fighters were placed again with mice of their own strain, 
they reverted to their original behavior. C57B1/10 when raised 
by Halb/C mothers retained their competitive behavior and 
challenged their foster parents for food whioh caused Halb/C 
parents to adopt C57B1/10 fighting pattern. Balb/C mioe raised 
by C57B1/10 parents retained their non-competitive behavior. 
Competitive fighting is thus seen in both male and female; 
it is also strain speoific but can emerge in a strain that is 
not competitive when tested with a competitive strain. 
B. METHODS 
Mice were tested for aggressive behavior by a modification 
of the method of Fredericson (1949). Metal cages containing 
two 4Y2" X 6" X 4" oompartments, separated by a partition, were 
used for isolating the mice. Mice were tested at various times 
after the initiation of isolation. During the test the partit-
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ion was removed and mice were exposed to each other. The time 
between lifting of partition (fighting latency) and first fight 
was recorded. The mice were exposed to each other daily for 
a period of five minutes or for five seconds following fighting 
C57Bl/6, C57Bl/lO, and Balb/C mice were used. 
C. INTRODUCTORY EXPERIMENTS 
The original purpose in the study of aggression was to 
perfect 8 method to study the effect of ataractic agents as 
well as to further investigate the complex problem of aggres-
sion. 
Experiment I 
Thirty-four mice of C57Bl/6 strain were isolated when 56 
days old and tested four weeks later. Ten mice from the group 
gave consistent fighting behavior. Their average fighting la-
tency is recorded on Graph I and is consistent with similar re-
sults obtained by King (1954, 19578, 1957bj King and Mavromatis 
1956), Kahn (1951), Fredericson (1949; Fredericson et al., 
1955b). The remaining mice developed a dominance-subordination 
pattern or passive behavior. The mice who fought exhibited the 
preliminary behavior described by Scott and Fredericson (1951), 
which consists of pilo-erection (which is not always easy to 
determine since a poorly groomed animal may give a similar 
appearance), investigation, grooming, sexual mounting, chasing, 
tail rattling and a mincing gate. The animal sometimes pushes 
the shavings excitedly with its front paws or nibbles voci-
ferously on pellets. As the latency of attack decreases, pre-
liminary behavior decreases and disappears and the animal 
fights effiCiently and vigorously. 
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Experiment II 
Sixteen Balb/C mice age 35-42 days were isolated for six 
weeks. Ten mice showed consistent fighting behavior (Graph II) 
Less preliminary behavior before fighting was observed in the 
Balb/C strain when compared with the 057£1/6 strain (see Experi 
ment I). The fighting latency of the Balb/C stabilized at the 
fourth trial while that of the C57Bl/6 stabilized at the ninth 
trial. The per cent of Balb/C fighters that either attack.ed 
or fought during the first trial is 56% which is comparable to 
59% for the C57B1/6 mice in Experiment I. However, when first 
seven trials are considered, 63% of Balb/e maintained fighting 
behavior compared to 35.3% of C57Bl/6 for the first seven 
trials. Although these tests can be compared only with caution 
they indicated that the C57Bl/6 mice are not as stable in their 
fighting behavior while the Balb/C achieve stable behavior more 
rapidly. 
Experiment III 
The effect of administration of saline by oral, intraperi-
toneal, intra~uscular, and subcutaneous routes of administrat-
ion were tested. All routes of administration interfered with 
the fighting latency and a change from fighting to a dominance-
subordination pattern 'could sometimes be observed. The oral 
administration had the greatest effect (Graph III). Subcutane-
ous had a smaller effect (Graph IV). Intramuscular and intra-
~eritoneal injections had practically no effect when given one 
hour before testing. There was evidence that the mice that 
were most affected by injections would have the greatest res-
ponse after the drug (Table I). However in Experiment VI 
(Graph VI), an intra~eritoneal injection caused an opposite 
effect, that is a decrease in latency. In this procedure the 
mice remained to ether for five minutes whether or not 
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attacking developed. During the sixth trial, which is the one 
;receding the injection, the latency to attacking inoreased be-
cause the subordinate mice became more ~ssive therefore less 
stimulating to the dominant mioe which beoame slower and leas 
vigorous. What 9robably oocurred here is that the injeotion 
oaused slight disoomfort or pain which lowered the threshold to 
attacking; this did not occur (Graph VIII) where the passive 
mice were more vigorous and the attacking latency was much 
shorter. 
Experiment IV 
In an attempt to improve fighting behavior 20 mice of Balbi 
C strain age 9-12 weeks, isolated for 30 days were trained by a 
method described by Scott and Fredericson (1951). The experi-
mental mice were trained to attack other mice that were 
ly dangled by their tails. Four mice were presented at each 
trial; every other mouse was released in the cage for a short 
period. The experimental mice learned to attack vigorously the 
helpless mice. At the end of a six day training period the 
tra.ined mice were combined and exposed to each other. The 
fighting latency inoreased with each trial and dominanoe-subor-
dination patterns developed. At the end of five trials only 
one pair of mice ,.,as fighting. It was felt that this :nethod of 
training wa.s not successful for obtaining a large number of 
fighting mice with consistent behavior. Perhaps if a longer 
training period were used it miGht be possible to obta.in more 
vigorous fichters. 
1 t was possible b;{ selection of the better fighters from 
the previous groupA to obtain a small number of vigorous and 
consistent fighters. Drugs were tested on these groups. Exter 
nal and internal controls were used. 
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attack durat:ion, and number of attacks respectively. All three 
parameters were affected; the attack latency and duration and 
the number of at·tacks were decreased. M.otor act:Lvl ty of mice 
receiving this dose was somewhat greater than that of controls 
when measured in activity cages (Table II). The recording of 
number and duration of attacks seemed to add little knowledge 
beyond w~~t could be obtained by measurement of latency while 
it introduces oonsiderable variation in testing for latency. 
However, Knight (1963) found that acetophenazine prolonged the 
duration of fi.;!;hting and the length of time from onset of first 
fighting to submission, while the latency was ;;rolonged. 
~ perim.e .. nt VII 
The following test was designed to achieve more uniform 
response \'lith the attack latenoy test. The total time of ex-
posure was cut down to 120 seconds or 5 seconds a.fter attack.. 
The separation of an1mals 5 seoonds after attack produced more 
consistent results. Only those mice were used whose attaok la-
tencies fell w.i thin a 60 seoond period for three consecutive 
tests before injeotion of meprobamate (Graph VIII). TILe in-
crease in control levels of attll.ck latenoy in Experiments VI an 
VII at the eighth and ninth trial is due to the subordinate 
m(~use becoming so passive that the dominant mouse beoame slower 
and less vigorous in attc1.ck. However, in all the attacking 
experiments the dominant-subordination pattern did not change. 
Even when no attack took place the dominant mouse took the 
initiative in tel'ms o-~ nosing,. smelling and ~roominG behuvior 
in its relation to the subordinate lliouse. MelJroban:.£1.te increaa-
the attack latency five-fold. This compal'es to a three-fold 
increase in Experiment VI. 
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D. COMPARISON OF TWO STRAINS 
At the end of this testing the emphasis was changed from 
the study of the anti-aggressive effects of drugs and centered 
on comparison of differences between strains. When it was ob-
served that the common laboratory mouse SC-1 that had been iso-
lated demonstrated aggressive behavior that seemed more vigor-
ous than the strains studied it was chosen along with the 057Bl 
/6 for a comparative study. 
The best testing procedure under the circumstances called 
for a fairly short term experiment where no other person except 
the experimenter would care for and handle the mice. Although 
this method does not control early experience it would give an 
adequate measure of the aggressiveness of each strain of mioe 
developed within its own social structure. Two groups of mioe 
of each strain 30-1 and 057Bl/6 raised without ooming in con-
tact with each other, were isolated so that one from each group 
occupied the two compartments of the same cage, insuring that 
the fighter had had no previous experience with its partner. 
In order to see whether certain procedures might change or in-
fluence aggressive behavior variations were introduced in the 
test, such as prolonging the period of isolation and inoreas-
ing the variety of fighting partners. 
The total period of exposure was ten seoonds after 
initiat.ion of attack or 30 minutes. The latency to attack or 
fight and the percentage of mioe fighting or attacking during 
one minute and 30 minute periods were recorded. 
Inter-strain and intra-strain aggressiveness was tested. 
For the intra-strain test, 25 pairs of each strain were used. 
Testing took place after 4, 21, and 312 hours of isolation. 
After 25-27 days the mioe were retested and a round robin 
SChedule was used. Eaoh mouse was tested four times during 
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the same day. In each experiment each mouse was paired with a 
different partner. 
For the inter-strain test, the ten best fighters of each 
strain were selected and matched on the basis of their fighting 
or attacking latency (ten tests). The number of fighters and 
attackers was determined for each strain. 
The mice were 11-12 weeks old. The 30-1 mice averaged 25.0 
gms. and the C57Bl/6 averaged 24.4 gms. at the beginning of the 
test and 24.0 and 23.3 gms. respeotively, at the end of the test 
period. Any two mioe that were fought together did not vary 
more than 4 gms. between themselves except in the round-robin 
test where the difference was sometimes as high as 6 gms. 
E. RESULTS 
In intra-strain tests of aggression (Table IV and Table V) 
the fighting and attacking latenoy decreased with eaoh sucoeed-
ing test and the frequency of fighting tended to inorease. This 
is similar to results obtained in introductory experiments and 
to those obtained by King (1957) and others and represents 
learning phenomena associated with test situation. The fighting 
or attacking latency is shorter for the SO-1 than for the 057Bl/ 
6 strains. The number of 80-1 mice fighting was greater than 
that of G57Bl/6 whether a 1 minute or 30 minutes period was em-
ployed. 
The first trial is more representative of the amount of 
aggressive behavior charaoteristic in both groups of mice sinoe 
it is the period least affeoted by manipulations such as iso-
lation and learning. This was also the trial that differed most 
in both latenoy and frequenoy measurements. The effect of the 
longer isolation pertOd and the round robin schedule does not 
seem to have affected the aggressive behavior of either strain 
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to any extent greater than can be accounted for by the learning 
involved in four more testing episodes. The change in fighting 
partners may have introduced more variation than would have 
occurred if the same partners were tested together. 
In the inter-strain test, where the t en best fighters of 
both strains were matched and fought against each other, eight 
3C-I mice attacked or fought and only three C57Bl/6 mice were 
attackers or fighters. 
F. CONCLUSIONS 
The preliminary experiments demonstrated many of the prob-
lems involved in measuring aggressive behavior. The end point 
of fighting is the most reproducible end point when care is 
taken to end the fight immediately after its inception. The 
number of mice in which this behavior is maintained varies con-
siderably and is small when compared to the total population 
tested. Changes can be brought about by chance injuries, in-
jections, and bring about a dominance-subordination relation-
ship which is qualitatively different. On the other hand, the 
end-point of attack latency is more variable in latency res-
ponse but almost no changes occur in the basic relationship. 
The variations in the attack latency can be decreased by se-
lecting animals whose latencies are short and by also separating 
animals after first attack. This increases accuracy but de-
creases total information obtained such as duration and fre-
quency of attacks. Although in our tests, this added informat-
ion did not seem pertinent, K.night et ale (1963) have shown that 
acetophena~ine could differentially affect latency and duration 
of aggressive behavior. The effect of the dangling method 
(Experiment IV) was not very successful in producing fighters 
whose behavior was consistent. A much longer period of train-
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ing would be necessary in ~ very tedious training procedure. 
Both chlorpromazine and meprobamate decreased aggressive laten-
cy. The effective doses of chlorpromazine that were used de-
creased motor activity while those of meprobamate had no effect 
or slightly increased motor activity. There was an indication 
tiw.t :&..lb/C mioe were more sensitive to chlorpromazine in this 
testing situativn t.aa.n C5713l/6. This difference was probably 
non-speoific since it was also indioated in the motor activity 
measurement. 
In the comparison of two strains, the 80-1 ::;1ioe were Illore 
aggressive than the 057Bl/6 mice in both the inter-strain and 
i!ltra-strain ex.periments Wlder all variations introduced and fOl 
all parameters measured. In addition, during work with these 
8C-1 mice, death could often be attributed to fighting. 80-1 
mioe caged together for long periods of time often had soarred 
backs as the resu.lts of severe fighting. During the same perioe" 
no fighting and no scarring of backs was observed in the 057131/ 
6 strain. 
The C57Bl/10 and. 057131/6 strains will be discussed toge-
ther; they both originated from a strain whioh was inbred since 
1921. The C57Bl/6 were separated :from tt..e 057Bl/IO in 1937 and 
are known to differ mainly in percentage of eye defects which 
are greater in the C57Bl/10 strain. T.t .. e two strains are simi-
lar in behavior (King, private communication). The C57.Bl mice 
are labile in behavior (Arnold et 801., 1959; Calhoun, 1950'0) 
and adjust to new situations as they a.rise. In their ttnormal n 
environment in which they are raisea. together they tend to be 
,Pacific (Calhoun at al., 1950a) but cha.nges in environment 
brin~ rapid changes in. behavior as demonstrated by: their com-
petitive fighting for food; the effect of a female or sexual 
experienoe on aggressive behavior, and the effect upon later 
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aggression 6f isolation at a critical period of 25 to 30 days 
of age. 
The Balb/e mice on the other hand do not change their 
aggressive behavior in a competitive situation or as the re-
sult of early isolation, the presence of a female or sexual ex-
perience. The Balb/e strain is more aggressive than C51.5l in 
an isolated testing situation and in home cages. The Balb/O 
resemble 3C-I in response to handling when compared to 057.81/6 
which were more reactive and squealed and squirmed more than 
the other two strains when handled. Both the Balb/C and 8C-1 
strains were more aggressive than C57Bl/6 in Fresent experi-
ments. 
The establishment of a dominance-subordination pattern did 
not differ in quality or quantity in the three strains tested 
in the isolated situation. However, the establishment of a 
dominanoe·- subJrdination pattern can vary with strain and oir-
cumstances. In a normal environment the DBA strain forms a ri-
gid hierarchy while the C57Bl do not (Oalhoun, 1950b). Howeve~ 
in the situation described by Allee and Ginsburg (1941) where 
a small number of strange male mice are brought together, the 
C57Bl/10 do form a hierarchy based on aggressiveness. In some 
groups, one mouse is dominant and all others are submissive 
while in other groups one mouse may be submissive towards some 
mice and d'ominant toward others. It is easier to oondition a 
duminant mouse to be submissive than vice-versa. Dominance is 
established by learning. A mouse that has been allowed to win 
easily will dominate a mouse that has previously been subjeo-
ted to defeat. Between two naive mice the heavier mouse will 
have a tendency to win a fight and gain dominance. Once a do-
minance-subordination relationship is firmly established it is 
very difficult to change. 
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Daily handling of mice in infancy increased aggressive-
ness in adulthood in C57Bl/lO mice (Levine, 1959). Handling 
due to injection just prior to testing increases fighting 
latency (Graph III and IV) and tend to create a dominance-
subordination relationship between fighting pairs. On the 
other hand an injection produced the op~oaite effect, a de-
crease in latency, when the attack latency had been prolonged 
due to inactivity of the subordinate mouse. A relationshi~ 
seemed to exist between the prolonging of latency due to sa-
line and that which is dl..l.e to chlorpromazine. 
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GRAfH I 
Average Fighting Latency 
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GJiAPH ..ill 
After oral 
administration 
Oral administration of saline. Ordinate: E'ighting laten-
oy in seconds; abscisBa: Daily trials. Saline was given one 
hour before sixtn trial. 
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i 0---0 Chlorpromazine, 2 mg./ kg. 
Injection:~ 0 0 Saline, I.M. 
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Effect of 2 mg./kg. ohlorpromazine given intramuscularly 
one hour before the fourth trial in Balb/C mice. Ordinate: 
Fighting latency in seconds; abscissa: Daily trialn. 
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Effect of meprobamate on attack latency of 56 C57Bl/6 
mice. Meprobamate 150 mg./kg. was given intraperitoneally one 
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G.3.APH VIII 
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Effect of meprobamate on attack latency of 32 057Bl/6 
mice. Meprobamate was given intraperitoneally one hour before 
the seventh trial to half the attacking mice. The other half 
received saline. Ordinate: Attack latency in seconds; 
abscissa: Daily trials. 
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TABLE I 
Fighting Latency 
After Control Injection of Saline, s.c., 
and After Chlurpromazine, 0.5 mg./kg. , s.c. 
Five Pairs of C57Bl/6 Mice. 
TRIALS 
Seconds 
CAGE AFl'ER INJ. AFTER INJ. NO. CONTROLS 
of SALINE of CFZ 
1 2 3 4 5 6 7 8 9 
======== ===:::':. ==== F===::: 1===== ===== F======= ====:.::-=:: :;:=::;:0=: ::::::::=::::::== 
10 7 6 6 7 7 6 38 11 5 
13 5 6 7 7 9 6 12 6 6 
14 7 6 21 10 38 11 41 122 55 
,-
17 15 9 7 8 19 30 '17 58 262 
23 8 6 7 6 16 1 25 8 1 
-~--
--
TOTAL 42 33 48 38 89 60 199 205 335 
,,"' .. -
AVERAGE 8.4 6.6 9.6 7.6 17. 8 12.0 39.8 41.0 67.0 
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TABLE II 
Effect of Chlorpromazine and tJIeprobamate 
Tested in Bastian Cages 
Drug No •. Dose Average Range Control No. Aver. Rang 4 
Anl- mg./ Coord. Ani- Coord. 
mals kg. Motor mals Motor 
:::======= ===== ======= 
Act. :::==:::=:::=:::=: =======: ======== :====:::= Act. ====== =======: 
lChlor-
proma- 6 0.5 36.8 11-61 O.~ 6 32.3 4-57 
zlne saline 
(l.M. ) 
lChlor-
proma- 6 1.0 15.0 3-38 o. 9'~ 6 49.0 26-87 
zlne saline 
(l.M. ) 
lChlor-
proma.- 6 2.0 0.0 ---- ----
- --- ---
zine 
(l.Ivl.) 
2Mepro-
bamate 6 150.0 34.5 7-75 0.9% 5 19.0 1-33 
(I. F. ) sa.line 
'Mepro-
bamate 8 150.0 45.7 15-94 0.9% 8 41.7 13-78 
(I.P.) saline 
lCombined C57Bl/IO and Balb/C 
2C57Bl/10 
3C57.81/6 
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TAB,GE III 
Effect of Me .;:irobama t e , 150 m'· /k'" 6· 0- i. p. , 
on Number ,) ~;: Attacks in 051-81/6 Mioe. 
-.~ .. 
-- --
~Ie l)robarna t e Group Control Group Differ-
TRIALS 13 Pairs 12 Pairs ence in Average 
Average No. Range Average No. Range No. of 
of Attacks of Attacks Attack-
ers 
==== =========;:; =============== ======.::.;::; F==;;'::::':'=::::===-===Z =;:;::::::.= f:;=========::: 
4 Control 3.7 1-8 3.7 1-6 0.0 
5 Control 4.1 0-7 3.4 1-6 f 0.7 
6 Control 4.3 0-11 4.6 0-11 ~ 0.3 
7 A~f't er 2.2 0-8 4.3 0-8 ..,. 2.1 
Inj. 
8 After 3.7 0-10 3.1 0-8 ·t 0.6 
Inj. \ 
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TABLE IV 
Fighting Latency and 
Fighting Frequency 
I--------.,..----.,..-------,-------r------.,----,.... . 
STRAIN TEST 
NO. 
ISOLATION 
aOURS 
LATENCY 
AVERAGE 
GENERAL 
FREQUENCY 
% 
FREQUENCY 
WITHIN 
FI Glf.r ERS * 
% 
F====:=====~=====:::::===-I=========== ===;:::::;;;;::::;:::==I===-=:::======p_::::::;:;====== 
C57Bl/6 1 4 17'30" 7 0 
(Black) 
SO-I 
(White) 
6'50" 13 o 
1------~------j------+-----... _ .. _. ---Ir------
Black 2 21 9'48" 33 2 
White ;'36" 8 
Black 3 312 4'03" 44 4 
White 4'17" 55 32 
* These mice fought within one minute. 
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,!ABLE V 
Round Robin Fighting Test 
Isolation - 27 Days 
~--------~-------r--------~------------~---------------------
STRAIN 
::========= 
Blaok 
White 
Black 
'white 
Black 
white 
Black 
White 
TEST 
NO. 
F====== 
1 
2 
3 
4 
LATENCY 
AVERAGE 
F========::: 
4'12" 
2'31" 
2'0,2" 
0' 24 Ct 
1'26" 
1'32" 
3'11" 
FREQUENCY 
% 
=======-==== 
5J 
63 
48 
54 
46 
56 
31 
40 
FREQUENCY 'IlITHIN* 
FIGHTERS % 
======================= 
16 
48 
- -
52 
87 
--
55 
79 
60 
66 
_ ... ___ -'--___ --'-____ ---11....-_____ '--__________ -1 
* These mice fought within one minute. 
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CHAPTER II 
ESCAPE AND AVOIDANCE BEHAVIOR AND DRUG RESPONSES 
A. INTRODUCTION 
lJ!he observation of the two strains of mice C57Bl/6 and 
SC-I demonstrated a difference in reactivity when the mice were 
picked up, held, injected, etc. The 057Bl/6 mice squirmed, 
squealed and rea.cted more than the 80-1 mice. These behavio-
ral characteristics suggested that the strains were different 
in escape and avoidance behavior. this was tested in the olim-
bing screen apparatus described in the methods. The effect of 
ohlorpromazine, phenobarbital sodium and reserpine (Sandril) 
upon the responses of the mioe in this procedure were also 
studied. 
B. LITERATURE suavE! 
An animal oan respond to a noxious stimulus by movement 
toward stimu+us which takes the form of aggressive behavior; 
no movement at all - freezing behavior; or movement away from 
noxious stimulus - avoidanoe or esoape behavior. 
Suoh terms as wildness and timidity have been used to 
desoribe movement away from stimulus. Yerkes (1913, 1916) 
studied these qualities in rats and Coburn (1922) studied them 
in mioe. Their findings indicated that these characteristics 
were inherited. Coburn's experiment indicated that wildness 
was dominant over tameness. 
Bagg (1920), Tolman (1924) and Sadovnikova Koltzova 
(1926) all oontributed evidence for the inheritance of these 
characteristics. Dawson (1932) in a study involving thousands 
of mice established that wildness is dominant over tameness. 
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Segregation was obtained when the FI generation were mated inter 
se and with the tame stock. The association of the young with 
the mother did not influence this behavior. King and Mavromatis 
(1956) showed differences in acquiring avoidance conditioning 
in C57BI/lO and Balb/C mice. Collins (1964) in a study of in-
bred strains of mice and their hybrids found that t~ood perform-
ance in an avoidance conditioning situation was dominant over 
poor perfo~mance and that females of each strain were superior 
to males. 
Levine (1956) found that, in rat~, early handling increa-
ses the ability to learn a conditioned avoidance task. King 
(1958) found that rats 'with septal lesions acquire avoidance 
response more rapidly than normal animals. No differences 
appeared in the rate of acquiring an avoidance response between 
rats with lesions in the amygdaloid nucleus and normal rats. 
Willingham (1956) found a positive correlation in mice between 
avoidanoe and escape behavior. 
Besides inherited differences in avoidance, experimental 
factors playa part. ' Wolf et al. (1962) demonstrated that the 
closer the testing situation is to the natural habitat of the 
mice the better is the performance. Peromyscus who lived in 
semi-arboreal habitat performed better in avoidanoe situation 
in w~ich the escape area was a pole compared to a situation 
in which the escape area was a flat surfaoe. 
Generally-the more rapidly acquired the avoidance response 
the better the performanoe and the more diffioult it is to ex-
tinguish it (Ader and Clink, 1957; Wolf et al., 1962j Denenberg 
and Bell, 1959). This holds true when drugs are used to impair 
avoidanoe response. The effect of ohlorpromazine and pentobar-
bital have been studied in mice by Wolf et ale (1962). The 
performance of Peromyscus maniculatu8 gracilis was impaired to 
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a lesser extent in an avoidance situation in which the mice per-
formed well oompared to the avoidanoe situation in which the 
performanoe was poorer. 
This supports the work of Kornetsky and Dawson (1961) who 
find that in rats the better learned the prooedurethe greater 
the resistance to drugs. Kornetsky (1~61) also demonstrated 
that toleranoe to drugs develop in avoidanoe situation with in-
oreased le~rning but no ohange ocours in motor responses. 
Irwin (1~6l) also reports tolerance development in rats to 
avoidance suppressant aotion of ohlorpromazine within two weeks 
after chronio daily administration; no tolerance developed to 
their locomotor suppressant action. 
Irwin (1963) postUlates that this decreased response to 
drugs in an avoidanoe situation is due to the arousal provoking 
quality of the experimental situation. This is presented 8S a 
primary or fundamental faotor affecting behavior and the res-
ponse to drugs regardless of what the partioular experimental 
contingencies may be. Por example, in the avoidance situation 
the initial dose of chlorpromazine reduoed the responses of an 
animal to stimuli which results in the animal reoeiving a 
greater number of shooks, which causes an increase in the arou-
sal provoking quality of the test situation. Eventually the 
threshold to stimuli is deoreased and the animal beoomes resis-
tant to the drug. In the measurement of motor activity the te~ 
situation does not ohange and tolerance does not develop. In 
order to support this concept Irwin demonstrated that increas-
ing the intensity of the oonditioned or the unconditioned sti-
mulus resulted in rapid development of tolerance. This toler-
ance development was greater in females than in males at higher 
shook intensities. This was in keeping with the fact that the 
performance of the females in the avoidance situation was bet-
- 40 -
tar than that of the males. Similar resistance to drugs can be 
obtained by merely increasing the background noise level of the 
experimental room or by administration of an amphetamine-like 
agent (Irwin, 1963). 
Chlorpromazine is particularly good in demonstrating this 
since one of its main actions is to raise the threshold to sen-
sory stimulus (auditory, Shurtleff et al., 1962); it also alter 
perception (Kornetsky and Humphries, 1958). The order of im-
pairment of performance is related to strength of stimulus 
(Wolf et al., 1962; Maffi, 1959). Verhave at ale (1958) have 
demonstrated that the seoondary conditioned response is affec-
ted first, followed by the effect on the primary conditioned re 
sponse, and then on the unconditioned response. Phenobarbital 
does not demonstrate this as well since it produces greater mo-
tor ~npairment and has a narrow dose range producing depressant 
effect (Brown, 1959; Miller, 1957). Cook and Weidley (1957) 
found that reserpine blocked the conditioned response but makes 
no statement concerning the development of tolerance. 
The relationship within one strain of mice between rapidi-
ty of learning, slowness of extinguishing and resistance to 
drug is well supported but there is evidence that this may not 
hold when comparing mice of different strains. King and Mavro-
matis (1956) in a study including two strains of mice, C57Bl/lO 
and Balb/C mice found that Balb/C nice exhibited a slower rate 
of conditioning than the C57Bl/lO although they extinguished 
at a significantly slower rate and needed fewer relearninci 
trials. Another factor, beside changes in arousal, must oper-
ate in this situation. 
Q. M..E.'THODS 
Escape and avoidanoe behavior was measured in a climbing 
41 -
screen appara.tus developed in this laboratory. This apparatus 
also measured climbing (motor) activity_ It consisted of a 
wooden board covered with a fine mesh screen measuring 3" X 12", 
inclined at a 35 0 a.ng1e and enclosed by a 5" high siding. Com-
partments 5" X 3" were built at the bottom and at the top of the 
screen. The floor of the bottom compartment consisted of a 
shocking grid. Photo-electric cells whioh actiitated timers were 
placed at the top and the bottom of the inclined screen. A 
sliding door was removed between the bottom oompartment and the 
soreen 5 seconds after the mouse waS placed in the compartments. 
A 10 second shock was applied to the grid 5 ~econds after the 
door was removed. Mice were removed from the grid if they did 
not leave it within 30 seconds after being placed upon it; they 
were removed from the screen if the climbing time exceeded 30 
seconds. The current applied measured approximately 0.1 m. amp_ 
The length of time (avoidance latency) necessary for the mice 
to leave the erid as well as per cent of trials in which the ani 
mals were shocked (shock frequency) were the two J,Jarameters used 
to measure avoidance. The length of time that the mice spent 
on the inclined screen was a measure of climbing motor activity. 
In Part I the experiments differed in the following manner: 
In the first experiment the screen was used without the compart-
ments and without the shock grid. The mice were placed on the 
bottom of the screen and the climbing time measured. The only 
stimulus was handling by the experimenter. In experiments II 
and III a compartment was present at the top of the screen. In 
experiment III shock was used. 
In Part II shock was used in all experiments except the 
first one where the test situation was the same as Part 1, Ex-
periment II. 
The mice were 10-12 weeks old in all the experiments excel:;t 
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those where drugs were used. In these experiments the 8C-I 
mice averaged 25.3 gms. and the C57Bl/6 24.9 gms. 
In the drug experiments beoause of the need for trained 
animals the mice were from 4 to 6 months old. In this situatio 
the CF-I averaged 28.7 gms. while the C57Bl/6 averaged 25.6 gms. 
Drugs 
Chlorpromazine hydrochloride and phenobarbital sodium were 
dissolved in saline. Reserpine (8andril) was diluted in distil-
led water. These drugs were administered intraperitoneally 
(0.01 ml./gm. of mouse weight). Saline was used in control 
animals. 
Avoidanpe and Climbing Ti~~ 
Data were analysed for significance by means of the un-
paired t-test. Shock frequency was analysed by oalculation of 
exact probabilities since cell frequencies were sometimes small 
(Batson, 1960). 
D. RESP1TS 
:Part 1, Baes!?, t ~yoid.a.lli'!.!..L_and. ClimbJ.DE_J~e~ayior-.!.n the 
ClimbinB-§creen App§rat~!. 
Experiment I 
When the mice were tested on the climbing screen without 
shock a marked difference in climbing for the two strains was 
observed. The climbing time of the 8C-1 mice increased gradual-
ly while that of the C57Bl/6 remained oonstant for 4 trials 
before an increase occurred (Graph I). 
ExEeriment II 
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When a compartment was added at the to:p of the climbing 
screen (without shock) the climbing behavior of both strains im-
proved but again the 30-1 mice climbed more slowly (Graph II). 
The climbing of the C51Bl/6 mice remained constant for six 
trials before the climbing time increased, while the 30-1 climb-
ing time remained constant for 4 trials before a rapid inorease 
toolt plaoe. 
In both these tests the 30-1 mice explored while climbing. 
the 051Bl/6 climbed more rapidly and direotly. In both these 
tests the handling of the experimenter contributed a stimulus 
from which the mice attemptea to escape and which contributed 
to the total climbing behavior. 
hp.riment III 
In order to provide a constant stimulus in lieu of variable 
stimulus resulting from handling, the shocking grid was intro-
duced in a closed compartment at the bottom of the screen. This 
allowed separation of escape behavior from avoidance behe.vior 
Ci.nd climbing activity. In this experiment the mice were tested 
during four consecutive days. During the first day no shock 
was ;.-::iven. The mice were placed in the bottom compartment for 
five seconds, then the door between the compartment and the 
climbing screen was removed. This situation was analogous to 
that in Experiment II except that the mouse was not handled 
immedia,tely before testing. The difference in behavior between 
the strains was maintained both when length of time spent on 
the grid and climbing time were compared. 
Durlng the remainder of the experiment shock was used. 
Both the climbing time and time in compartment (avoidance la-
tency) decreased. The differences between the two strain. de-
creased. On the second day shock was administered during 92% 
of tri.als indicating that avoidance of shock had not yet been 
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learned. During the third day shock frequency was 65% for 3C-I 
and 36% for C57Bl/6. During the fourth day shock frequency for 
3C-I and for C57Bl/6 mice was 35.6% and 8.8% respectively, which 
approaches the control values achieved in most of the experimen 
At this time, the values for shock frequency, avoidance latency, 
and climbing time were less for the C57Bl/6 mice and from 1.4 to 
2.4 seconds for 80-1 mice. The climbing time ranged from 1.9 
to 6.5 for SO-1 mice and from 1.1 to 2.1 for 057Bl/6 mice. The 
difference for each pair of results was signifioant (p ~ 0.05 -
0.001 level in the T-test). During the same oontrol period 
C57Bl/6 and 30-1 mice were shooked in 0.0 to 5.0% and in 17.9 
to 35.5% of trials respectively (see Tables III, IV, V). The 
control values for both strains were exceptionally high in one 
experiment (Table I); although the results were in the same 
direction as in the other experiments, the difference was not 
significant. These results may have occurred because the room 
temperature reached 90°' on that day. (Room temperature usually 
varied between 720 and 80°'.) 
The escape timel was examined in mioe who remained on grid 
longer than five seoonds and therefore reoeived shook. This 
was tested in 15 mice, 225 trials/strain during three days. The 
shook frequenoy for 3C-I mioe was 37.7% and 7.1% for 05781/6. 
Although the shook frequenoy was very different, the average 
escape times were approximately the same (0.7 and 0.5 seconds 
for 30-1 mice and 057Bl/6 mioe respeotively). 
IThe esoape time is defined as the time elapsing between 
reoeption of shock and departure from grid and is a response to 
shock while avoidance latenoy is the time elapsing from opening 
of partition to departure from grid ~nd is a function of learn-
ing. 
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Conclusions 
C51Bl/6 mice had a higher level of motor activity than SC-
I "'hen measured in the climbing screen apparatus whether or not 
shock was used. The degree of difference between strains di-
minished with increased stimulus; the least motivated situation 
gave the largest differences (Graph Ij Graph III, Day 1) while 
the most motivated ones (Graph III, Days 2, 3, 4) had tile smal-
lest differences between strains. When considered in terms of 
escape behavior, a mild stimulus such a:::; handling by experimen-
ter (Graph I) indicates a difference between strains exists but 
the stronger stimulus shock obliterates this difference. If a 
jet of air is directed at the mice in the climbing apparatus, 
the C51Bl/6 will rapidly run up the inclined screen while the 
8C-1 will turn around and fa.ce tne air. This is a further indi 
cation that C57Bl/6 has a stronger escape behavior. 
C51Bl/6 mice were also more avoiding than SC-I as indica-
ted by both avoidance latency and shock frequency. This suppo 
Willingham's (1956) finding that escape and avoidance behavior 
are correla.ted and also supports King's finding that a mouse 
learns best in a situation in which it is naturally predisposed 
Krushinskii (1960) has also found this to be true in dogs. 
Dogs bred for aggressive and timid characteristics learned ra-
pidly where these characteristics fitted the test situation 
and poorly otherwise. Other behavioral traits observed durin(; 
this testing procedure included a greater Fropensity towards 
investigat~ve and freezing behavior by the 30-1 mice than by 
the C51Bl/6 mice. 
Part Ir. The ~ffect of Ch!.or}i~o~zir!e Hydrochlori~e, .!i!t..:. 
aarKine a~d Pheno~~rbital S?d1um inth~ Climpi~ 
Screen Apparatus. 
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Chlor,k,rOlitazine and phenobarbi tol were administered one-hal 
hour before testing. Tests were carried out everyone-half 
Reserpine was given one hour 'before testing and tests were 
carried out every hour. 
Chlorpromazine Hydrochloride 
The effect of chlorpromazine on :nice was measured by means 
of the climbing screen apparatuB with and without the a.;.plicat-
ion of trie grid shook. 
Experiment I 
The mice weL'e tested in olimbing apparatus without use of 
shock. The test situation was the same as in experiment II, 
Graph II. Naive mice were used for each test. The cumulative 
results are expressed in Table I; Graph IV. The average data 
for each trial for control and for the 8 mg./kg. dose are shown 
in Graph V. 
The IOWGst doses of chlorpromazine which signifioantly in-
creased the olimbing time were 4 and 8 mg./kg. respeotively for 
C57BI/6 and 3C-I mice (P <0.05). Although in control experi-
ments C57Bl/6 mice climbed faster than 30-1 mic e, this trend wa 
reversed by administration of t~e 4, 8 and 10 mg./kg. doses of 
chlorpromazine. 
Experiment II 
The effect of chlorpromazine on climbing time was essentia 
ly simih.l,r when grid shock was employed. The controls for this 
experiUlent had not reached the usual base level of performance 
so tiJ.at the results may have been affected by improvement of 
performance. 
Saline was administered on the first day of the experiment 
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while chlorpromazine was given on subsequent days: Both strains 
received 4 mg. on the second day and 6 mg. on the third day; 
051Bl/6 received 5 mg. and 80-I 8 mg. on the fourth day. 
Tne two strains responded differently. The climbing time, 
avoidance latency, and shock frequenoy of the 80-I mice de-
oreased at the 4 and 6 mg./kg. doses while a significant in-
crease in all three parameters occurred at the 8 mg./kg. dose. 
The olimbing time and avoidance latency of the C57Bl/6 mioe in-
creased while the frequenoy of shook decreased at the 4 mg. dOB 
The 6 mg. dose resulted in a pronounced effect on all three 
ftlrameters. 
When the 5 mg. dose wasc:;iven to C51Bl/6 mice on the day 
following the 6 mg./kg. dose a noticeable increase in response 
ocourred only with olimbing time. The deoreased avoidance 
latency bnd frequency of shook indicated that further learning 
took plaoe probably beoause of the high shook level used on the 
preceding day. Differences in climbing time between 8C-I and 
C51Bl/6 mice were significant (p < 0.001) for all doses tested 
(Table I). Differences in avoidanoe latency and shook frequency 
for the two strains were significant at the 6 mg. dose {p < 0.001 
At this dose the data is most comparable since the mice were 
probably not influenoed by the preceding day's drug or experi-
ence. The C57Bl/6 mice showed a pronounoed increase in all 
parameters while the 30-I mice showed a deorease. 
A single dose of chlorpromazine 6 mg./kg. was employed 
when the two strains were compared overnight in Bastian Activi-
ty Cages. The effect of chlorpromazine was about eleven times 
greater for the 051Bl/6 when compared to 3C-I mioe (Table II). 
~henobarbital Sodium 
For testing the aotion of phenobarbital sodium, the 
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olimbing apparatus with shock procedure was employed. Three 
doses of phenobarbital were used (Graph IV, Table III). At 75 
mg./kg. climbing time, avoidance latency and shock frequenoy of 
057Bl/6 mice increased but only olimbing time increased signifi 
cantly (P < 0.05) • All three parameters mentioned were signi! i-
cantly inoreased at the 100 and 150 mg./kg. dose (f~O.OOl). 
In the case of 30-1 mice 100 mg./kg. dose showed a signi-
fioant increase of avoidance latency only (p <. 0.05) while the 
150 mg./kg. dose significantly increased all parameters (p -< 
0.001). The avoidance latenoy was decreased with the 75 mg./kg 
dose however the difference was not significant {P (0.1). The 
effect of phenobarbital, 100 and 150 mg./kg., was not as great 
in SO-I mice as in C518l/6 mice. 
Reserpine 
Reserpine was tested in three separate experiments. In 
Experiment If three doses of reserpine were given 0.625, 1.25 
and 2.5 mg. ikg.; 5 mice per dose ,per atrain were used. These 
mice were given 75 or 100 mg./kg. of phenobarbital 39 days pre-
viously. It is presumed that this previous experience had no 
effect on this experiment. 
In Experiment II, the same mice were tested 13 days later 
with 2.5 mg./kg. Four of the treated mice of each strain had 
received previously the dose of 2.5 mg. and two the dose of 
1.25 mg./kg. The controls had received previously either of 
the two lower doses. 
In Experimentill., control mice of experiment II received 
1.25 mg./kg. of reserpine while the rest served as controls. 
Thus, 4 of the experimenta.l mice had received, 24 days pre-
viously, 0.625 mg./kg. of reserpine; one had received 1.25 
mg./kg. The conuol had received 2.5 mg./kg. eleven days 
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previously. 
Under the conditions of "Experiment I reserpine had a 
greater effect on the 80-1 than on 057Bl/6 mice (Graph VI, 
Table IV). In SO-I mice there was a gradual increase in avoid-
ance latency, climbing time, and in shock frequency with in-
creasing doses. 
In the case of the C57Bl/6 mice the lowest dose had no 
effect; the intermediate dose had no effect on climbing latency 
but had an effect on avoidance latency on the first day (in-
creased 1.4 to 2.6 seconds) and had only a small effect on shocM 
frequency (increased from 5% to 18.2%). The large dose increas~ 
ed significantly climbing time and shock frequency but not 
avoidance latency. The responses in all parameters measured 
was greater in 30-1 mice than C57B1/6 at all doses. 
1.25 and 2.5 mg./kg. respectively were employed in Experi-
ments II and III. Both doses of reserpine proved effective in 
the two strdins and increased climbing time, avoidance latency, 
and shock frequency Table V, Graphs VII, VIII). These respon-
ses were much more pronounced thatl in Experiment I which indi-
cated that there was a cumUlative drug effect. C57.51/6 strain 
was affected to a greater extent than the SC-l strain which is 
the reverse of the results obtained in Experiment 1. At the 
1.25 :1lg./kg. dose, the avoidance a.nd climbing latency of C57Bl/ 
6 was aoout double that of 30-1 mice. In fact, the dose of 
1.25 mg./kg. was maximally effective in 057Bl/6 mice but not 
in 30-1 mice. Tne response of the 30-1 mice to either dose was 
less than that of the C57Bl/6 mice except for similar climbint; 
responses on t;18 first day_ Also the duration of the effect of 
both doses of reserpine was greater in C57BI/6 strain than SC-
I strain. 
At the 1.25 mg./kg. dose, the length ot time required for 
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the 3C-I mice to leave the grid only slightly exceeded the five 
second level which indicated that the mice were not avoiding 
hut were escaping immediately upon receiving shock. (rile avoid-
ance latency of the 057Bl/6 mice reached as high as 10 seconds 
on the second day after drug administration, indicating con-
siderable impairment of escape behavior. 
Both strains ap.peared more sedated in experiment II than 
J...ll. In both experiments ataxia was observed in t:le 057Bl/6 
while climbing; there was also in both strains a peouliar elong 
ation of the limbs; tremor and laorimation also occurred; ptosil 
was present to a greater degree in 057131/6 than in 30-1 mice. 
Several of the controls and treated SO-1 remained in the middle 
of the screen in a fixated running position. One of the C57Bl/ 
6 mioe turned around 011 the grid and tried esoaping by the out-
side door in a ~nner similar to that sometimes seen when a 
naive mouse first received a shock. 
Some of the mice from Experi:nent 1 and II, tested on the 
climbing screen, were also tested in the Bastian cages. In 
addition, tHe dose of 1.25 mg./kg. was tested on four mice 
~er strain. All mice were tested for a period of 17 hours over 
night (Table V). 
Four mice of each strain that had received 2.5 mg./k;:.~. of 
reserpine in Experiment r were tested on tne evening before the 
fourth day of trials on the climbing screen. Two oontrol mice 
and two mice that had received 2.5 mg./kg. in Experiment II 
were tested after the first, second, third and fourth evenings 
following injections. The four mice per strain that received 
1.25 mg.jK.g.were tested during three consecutive nights. Con-
siderable variations was found in the results. The activity 
of the mice receiving 2.) mg./kg. in Experiment I was much 
greater than those receiving the same amount in EX'periment II 
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which is in keeping with the climbing screen data. Although 
the results are variable, the indication is that the 30-1 mice 
are affected to a lesser extent and recover more rapidly than 
C57Bl/6. 
E. CONCLUSIONS 
The hypothesis that the difference in reactivity of the 
SC-I and C57Bl/6 mice indicated that the two strains would vary 
from each other in escape and avoidance was confirmed. It was 
also found that these strains differed in climbing motor activi 
ty (see next chapter). The C57Bl/6 mice avoided more, had the 
lowest frequency of shock, and the highest level of motor acti-
Vity. 
The C57Bl/6 mice were more affected by chlorpromazine, 
phenobarbital sodium and large doses of reserpine than 8C-I 
mice. The reverse was true for lower doses of reserpine. 
The expectation that the drugs used would differentially 
affect the climbing time when compared to avoidance behavior 
did not occur uniformly. Chlorpromazine would be expected to 
do this to a greater extent than phenobarbital since it has bee 
demonstrated that chlorpromazine impairs performance in relatio 
to strength of stimulus while phenobarbital produces greater 
motor impairment and has a narrow dose range which produces a 
depressant effect. Phenobarbital and the first experiment with 
reserpine did not differentially affect climbing and avoidance 
behavior. Chlorpromazine on the other hand increased climbing 
time at the 5 mg. dose which simultaneously decreased avoidance 
behavior in C57Bl/6 mice. This difference did not occur in the 
case of the SC-I mice. 
In the last two experiments where a pronounced effect was 
observed with reserpine, the climbing time of the SC-1 mice re-
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turned towards normal before the avoidance behavior. It appears 
that the climbing time of 057Bl/6 can be disrupted more rapidly 
than its avoidance behavior and that the opposite may be true 
for the SO-I mice. 
In both the chlorpromazine and phenobarbital experiments, 
there was a decrease in response of the SO-I mice instead of the 
increase seen in the response of the C57Bl/6 mice. This could 
be due to increased learning but could also be due to improved 
performance beoause of deoreased "anxiety" or "fear." Both 
Knight et ale (1963) and Clark (1962) report that phenothiazine 
derivatives oan improve a test performance at low doses while it 
impairs performance at higher doses. 
The differential response of the two strains of mice to 
chlorpromazine is not specific for the climbing screen test 
situation since a similar difference occurs when the mice are 
tested in the Bastian cages. The activity of C57Bl/6 was re-
duced to a greater extent than that of the SC-I mice. This was 
also true when reserpine was given. These last results were 
quite variable. There was also an indication in this test that 
3C-I recovered from reserpine more rapidly than C57Bl/6. 
When the two strains were compared, no relation was found 
between sensitivity to drug, poor acquisition of response and 
motor activity as found by Irwin (1961) in individual animals. 
On the contrary a correlation existed between strain sensitivity 
to drug, good acquisition of avoidance responses and high motor 
activity. 
The effect seen with all three depressant drugs may be 
analogous to the situation reported in humans where sensitivity 
to depressant drugs are related to ~ersonality types. Shagass 
(1959) reported that depressive, introverted individuals exhi-
bited high thresholds to pentothal while active and hysterical 
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people exhibited low pentothal thresholds. 
When considering the mechanism of action of reserpine, theI~ 
are several possibilities that would explain the different res-
ponses obtained with this drug in the two strains of mice. Re-
serpine acts pharmacologically by depleting monoamines from the 
nervous system and the adrenals although there is no correlation 
between low levels of depletion and depression of behavior; a 
behavioral change occurs when the remaining small amount is also 
depleted (flaggendal and Lindquist, 1964). Hillarp (1960) has 
shown that in the adrenal medullary granules the amines occur 
in a small labile and a large inert fraction. Monoamines are 
primarily incorporated into the labile fraction (Carlsson et al., 
1963). Changes of the monoamines in the labile fraction is 
likely to be more responsible for behavioral changes than chang-
es in the stable fraction. Experiments on adrenal medullary 
granules (Lundborg, 1963; Carlsson et al., 1963) and on adrener-
gic nerve functions (Anden at al., 1964) show that functional 
changes caused by reserpine are correlated to the ability of 
the tissues to take up monoamines and that reserpine acts by 
blocking the incorporation of monoamines into the labile 
fraction. If the two strains studied varied in the total labile 
fraction or in the uptake of monoamines then a difference in le-
vel and duration of response could be expected. Maas (1963) has 
shown that Balb/C and C57Bl/lO differ in the total level of 
serotonin and in their ability to bind serotonin. 
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GRAPH I 
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Climbing time of C57Bl/6 and 3C-1 mioe. "No shock" proce-
dure. Nine mice per strain, six oonseoutive trials. Average 
climbing time in seoonds. 
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mice per strain, seven consecutive trials. Average climbing 
time in seconds. 
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GRAPH IV 
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seconds; abscissa: Dose in mg./kg. Drugs administered intra-
peritoneally. All points represent average climbing times. 
Grid shock was employed in the case of phenobarbital experi-
ments. 
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GRAPH VII 
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Effect of reserpine 1.25 mg./kg. on climbing time and 
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in seconds; abscissa: Number of days. Eaoh point represents 
average daily trials for five mice. 
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GRAHl VIII 
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Effect of reserpine 2.5 mg./kg. on climbing time and 
avoidance latency of 057Bl/6 and 30-1 miCe. Ordinate: Time in 
seconds; abscissa: Number of days. Each pOint represents 
average daily trials for six mice. 
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TABLE I 
Effects of Chlorpromazine 
Climbing Test 
Strain Dose No. of [NO. of Average Average lShOOk 
mg./kg. Animals Tests Climbing Avoidance Frequency 
=========~:~:============ ========I~::I~l===i::~;:r==_~:=~::::::= 
Climbing procedure, trained mice 
SC-1 Saline 5 60 7.0 3.2 67.0 
.4 5 60 4.0 2.0 53.3 
6 5 30 2.2 1.5 46.6 
8 5 45 7.8 3.9 '15.5 
C57Bl/6 Saline 5 60 6.7 2.2 53.0 
4 5 60 8.8 3.5 38.3 
5 5 45 10.6 1.1 13.3 
6 5 30 19.0 13.5 90.0 
=========== =====-==============::.:=--= ======= =======:============== Climbing procedure, "no-shock" results 
-
SC-1 Saline 9 36 3.2 
2 4 16 4.0 
4 4 16 4.0 
8 4 16 10.2 
10 4 16 21.2 
C57Bl/6 Saline 9 36 1.6 
2 4 16 1.4 
"-~.-- --_._-1-----.. ,------...-,'--"---
4 4 16 11.8 
'. 
8 4 16 23.7 
10 4 16 29.0 
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E1'teote of Chlorproma.~itut .f'teasured 
in Bastian Aotivity Cagea 
-------.---'--"--'-r-"'-"-."----r---"'"-~-'-~ --.-u~----r---'----.,. 
strain Dose No. of 
mg./kg. Animals 
i. p. 
30-1 
--
16 
Average j"otlv,i ty 
(Digital Counter 
Read1n,gs) 
Range ot 
Aot1vities 
-,-----......f.-----r--"--. -.. --".~I------,----~--,~.---.... 
SC-I 6 3 
05781/6 16 1'75.1 5u4-4048 
C57S1/6 6 4 26.8 6-74 
------------~----------~--------------------------.----------------"-----+ 
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1.AJHd<l IV 
. Reserpine 
--
Strain Dose No. of No. of Average Average Shock 
mg./kg. Animals Tests Climbing Avoidance Frequen 
Time Latency cy in 
(sees. ) (sees. ) Per Cen 
========= ========= ==-==:::::::==== ======:.::=::::: .:..::.;;..======= 1========== ==:=::::::::: 
3C-I Baline 15 45 1.9 2.4 '5.5 
Control 
0.625 5 55 2.3 3 .. 5 50.0 
1.250 5 55 6.5 3.6 60.0 
--
--
2.500 5 55 10.8 4.8 81.8 
========= ========= 1=====::0:=== F===:===:= - <" ~-----... -.--,.::,;;:;========: ===;::::::::=== _._._ --
C57Bl/6 Saline 15 45 1.1 1.1 5.0 
C,mtrol 
0.625 5 55 1.2 0.8 1.8 
1.250 5 55 1.1 1.5 18.2 
2.500 5 55 }.1 1.6 23.7 
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TABLE V 
Reserpine, 2.5 mg.!kg. 
-
Strain iNo. of No. of Average Average Shock 
fAnimals Tests Climbing Avoid- Frequency 
Time anoe in Per Ceni 
(secs. ) Latenoy 
(secs.) 
:=::::;;:::::::::::::;;:::;:;:::::::,:==:::::::0'====;:;;::: =-======= '======= ;.;;=;;;;::=:::;:==;::::; F==:::::::::-==== '========== 
!Q;:1 
Saline Control 6 126 2.7 2.2 30.2 
Drug Group 
a. control 
period 6 48 4.5 2.2 25.0 
- --b. drug period 6 77 16:7 5.6 75.3 
C21B1L6 
Saline Control 6 126 1.6 0.7 4.8 
Drug group 
a. oontrol 
period 6 48 2.1 0.7 2.1 
-b. drug period 6 78 23.1 7.5 81.0 
=:::====::::=:::::::=:::c========='========== =:::::;:;::::;::::====:::::==::===_:::';=====;:;::============ 
Reserpine, 1.25 mg.!kg. 
Sg-ISallne Control 5 84 6.5 1.5 17.~ 
Drug group 
a. oontrol 
period 5 20 2.1 2.1 30.0 
b. drug period 5 80 ~1.0 4.6 86.3 
C21B1L6 
Saline Control 5 92 1.4 0.7 2.2 
Drug group 
a. oontrol 
period 5 20 1.4 1.0 0.0 
b. drug period 5 64 ~3.0 8.2 93.8 
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CHAPTER III 
MOTOR ACTIVITY 
A. INTRODUCTION AND LITERATURE SURVEY 
Motor aotivity measurements have been used since 1898 to 
measure both inherent differences in mice and rats, and to de-
tect response of depressant and stimulant drugs. 
Many types of cages have been used. stewart (1898) and 
Slonaker (1907) used revolving cages which operated clockwork 
recording mechanisms developed from old alarm clocks. Jiggle 
cages whioh were suspended on a spring were made to record 
directly onto a moving kymograph or to record through a tambour 
system (Abreu et al., 1946). Schulte et al. (1941) caused the 
cages to operate a counting devise whereas Waterman (1947) used 
an electrode which dipped into an electrolyte controlling the 
speed at whioh a revolution counter was driven by an electric 
motor. 
However, all moving oages have inherent souroes of error 
due to the fact that the cage itself is in motion, a faotor 
whioh in itself modifies spontaneous activity since the animals 
are continually using compensatory r!ghting reflexes (Campbell 
and McLean, 1948). Inertia is also an inherent factor in a 
moving cage and oonsequent inaccuraoies of recording are to be 
expected. 
More recently Cob-bin et ale (1955) have reported on a non-
moving cage, measurement of aotivity being derived from changes 
in the capacitance of a tuned cirCUit, brought about by the 
movements of the animals themselves. Dews (1953) had described 
an activity cage which records optically.l Rundquist (1933) 
lSimilar cages are in present use in our 1a boratory. 
- 69 -
studied inheritanoe of spontaneous activity in rats and found 
that differenoes in aotivity were largely inherent and that 
activity was dominant Over inactivity_ Some anticholinergic 
druE;s (Harris, 1961) as well as adrenergic drugs (Greenblatt 
and Osterberg, 1961) increase spontaneous activity_ The effect 
of central sympathomimetic agents such as amphetamine and its 
analogs (Tainter, 1930; Lands, 1949), and related piperidine 
stimUlants is well known (Cook and Weid1ey, 1957). 
B. 1'1ETHODS 
Motor activity was measured in three types of apparatus. 
The mice \\lere 11-12 weeks old. The 3C-I mice weighed an 
average 25.3 gms. and the C57Bl/6 24.9 gms. in all the motor 
activity tests. 
J igg1 e Cages 
The cages recorded vertical and horizontal movement inclu-
ding scratching and shaking. Mice were placed individually in 
plastic containers which were connected to Statham force trans-
duoersj the motion was recorded on a Grass 5A polygraph at a 
paper speed of 30 mm./second. Resonance in the system was re-
duced by means of vanes extend wg"" from the bottom of the con-
tainer and immersed in motor oil. Daytime aotivity was recor-
ded for a period of 20 minutes. 
For analysis of data fifty pen excursions were chosen at 
random from each reoord and the sum of these amplitudes in mm. 
was taken as a mea.sure of motor activity. 
r 
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Bastian Cages (Bastian, 1~51) 
These cages, construoted on a teeter-toter principle are 
activatod when the mouse moves fro:n one side of the cage to the 
other. A veeder oounter records the number of orosses. Mice 
vlere left ill cages overnight and the tota.l count recorded at 
the end of a 17 hour period. 
Four mice of each strain were tested during four separate 
nights. Since the oages varied in sensitivity of movement both 
strains were distributed among the cages so that an equal num-
ber of mice from eaoh strain were tested in all cages. 
Climbing Screen Apparatus 
This apparatus desoribed in Chapter II measured climbing 
motor activity as well as avoidance. Climbing aotivity was 
measured with and without shock stimulus. Measurement took 
place during the day. Data were analysed by means of Students 
unpaired T-test (Batson, 1960). 
C. RESUI,TS 
In. all motor activity tests C57Bl/6 mice were more active 
than 80-I m:L:ce (Table I). In jiggle cages, "I-Thich recorded all 
movements of the mice, the C57Bl/6 strain was 29% more active 
than the 8C-I strains (p < 0.1). In the Bastian cages, the data 
for each test was similar so the results were combined for 
analysis. The C57Bl/6 mice were 69% more active than 3C-I mice 
(p < 0.1). 
The climbing motor activity is discussed in Chapter II. 
In this situation the C57Bl/6 strain was 26t% more active in 
"shock" procedure and 200% more active in "no shock" ~rocedure 
than the SO-1 strain (p < 0.001) • 
r 
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;::..D..;:... ____'Oo...;0llOIJppION§. 
The differenoe in activity existed between the two strains 
whether the activity was measured during the day in the climbing 
a_pparatus t in jiggle cages, or overnight in Bast ian cages. 
Motor activity was highest in the 057.51/6 mice, the strain 
that also showed greater escape and avoidance behavior as well 
as drug sensitivity while the lower activity occurred in the OI-
l strain that was also more aggressive. 
Sinoe serotonin and nor-epinephrine in the brain are be-
lieved to be related to a decrease in activity such as occurs 
with reserpine tranqui11zation (Sulser and Brodie, 1960). one 
can postulate that the normal level of motor activity in ani-
mals may also be correlated with these substances. Irwin (196Th 
has found a positive correlation between brain levels of sero-
tonin and norepinephrine, and motor activity after injeoti~n 
of monoamine oxidase inhibitors. Smith and Dews (1962) found 
that 5-hydroxytryptophan which is a precursor of serotonin did 
not increase motor activity in rats. However, Joyce and Mroso-
vsky (1964) found that although total motor activity was re-
duced after administration of 5-HTP, the number of active 
periods were increased, indicating that the rat was awake but 
that its motor ability was reduced. (Hind-leg movement was im-
paired at high doses.) 
Since the two strains of mice tested differ in their sensi-
tivity to chlorpromazine and reserpine drugs that block and de-
plete monoamines the difference in motor activity observed could 
be due to a difference in these substances in the central ner-
vous system. 
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'TABLE I 
Motor Activity 
J" igg1e Ca.ges 
strain No. of Average Range % Difference 
Mice nun. 
1==""'-""======== 1======:::::==:::: :::=::::::::::::=:::= ====::::=::::::::::======== ==:::::::::::::::::::::========== 
30-1 
057.81/6 
8 
8 
626.5 
808.0 
416-916 
552-1180 
100 
129 
====================-===========:===========-==================~= 
strain 
SC-I 
C57£1/6 
No. of 
Mice 
16 
16 
Bastian Cages 
Average 
Counts 
815 
1375 
Range 
16-3835 
504-4048 
% Difference 
100 
169 
========~~======~=~==_====================;==~=~==========:r====== 
strain No. of No. of 
Mioe Tests 
Climbing Screen 
Ave. Climbing 
Time (secs.) 
% Di ffereno:e 
=========== ======== ========p==========================:::======== 
30-1 
C57,Bl/6 
IIShock" 
31 
31 
275 
283 
100 
264 
I------------~--------r_-------+----,------------~------------------~ 
3C-l 
C5'7Bl/6 
"No Shock" 
9 
9 
36 
36 
).2 
1.6 
100 
200 
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Beoause of the inoreased interest in brain norepinephrine 
~hore and Olin (195&) developed a physicochemioal method for 
isolation and identification of norepinephrine in the brain. 
Other methods include Ellman's (1958) which identifies epine-
phrine and related compounds by using paper chromatography and 
Falck's (1962; Falck and Owman, 1965) which identifies cellular 
localization of monoamines. 
As a result of investigation of serotonin and norepine-
phrine in the brain, a controversy arose as to the roles of thee~ 
two monoamines. In 1957, Brodie and Shore showed that reser-
pine impairs serotonin storage and produces sedation; he pro-
posed that these two events were causally related. This view 
seemed plausible as many effects of reserpine inoluding de-
creased motor activity, lowered reaotivity to external stimuli 
and increased parasympathetio outflow, are elioited by electri-
cal stimulation of areas in the limbic system (Kaada et al., 
1954) and dienoephalon (Hess, 1954) where serotonin is heavily 
concentrated (Paasonen et al., 1957; Kaada et al., 1954). Re-
serpine was postulated to stimUlate a neuronal network modula-
ted by 5HT, which ties in central parasympathetic activities 
with patterns of behavior for oonservation and protection of 
the organism. The disoovery of Carlsson and Hillarp (1956) and 
Holzbauer and Vogt (1957) that reserpine also blocks storage 
of norepinephrine led to the view that the control effects of 
reserpine are caused by a deficiency of catecholamines at 
active sites. In support of this Carlsson et ale (1957) de-
monstrated that dopamine counteracts the central actions of 
reserpine and suggested that dopamine substitutes for the loss 
of norepinephrine. Brodie and his associates proposed the 
theory that the effect of reserpine was due to the uncontrolled 
release of 5HT at active sites. Since reserpine impairs pro-
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cesses that store amines, synthesis continues unabated but 
lacking a mechanism for storage, amine release is deprived of 
all control and the newly-formed molecules flow unobstructed 
on to active sites. Ifhe amount present on active sites would 
depend on the balance between rates of synthesis and disappear-
ance. Support for this hypothesis was fully discussed at the 
First International Pharmacology Meeting (Costa et al., 1962). 
Dr. Carlsson's present conoept is that norepinephrine, sero-
tonin as well as dopamine are exoitatory transmitters and that 
the monoamines storing granules serve as a store far monoamines 
as well as faoilitates the transfer of monoamines from the 
site of synthesis to the site of liberation into the synaptio 
cleft and thus is necessary for transmission (Carlsson et al., 
1964) • 
The significance of the store of monoamines to behavior 
is not understood but Carlsson (1964) suggests that storage 
may be of importance in emergency oonditions. 
Most of the stUdies investigating a causal relationship 
between monoamines and behavior have involved changes in the 
brain amines due to drugs such as reserpine benzquinamide and 
a-methyl-m-tyrosine. These studies have not been well corre-
lated with conoommitant behavioral work. There is no oon-
sistent behavioral relationship between different levels of 
monoamines induoed by drugs; also these studies do not deal 
with physiologioally normal levels. 
If an excess of serotonin, or a defioit of serotonin and 
other monoamines are responsible for oentral aotivities re-
sulting in a sedated state, then a differenoe in these amines 
may exist in the SC-I and C57Bl/6 atrains of mice since they 
differ in behavioral charaoteristios such as motor activity 
and avoidanoe. Sinoe the higher activity of C57Bl/6 mioe 
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reflects a continuous situation, these mice may need a greater 
storage of monoamines especially in the mobile pool. 
2. Methods for Determination of Serotonjp and Norepinephrine 
Ten brains per strain were pooled for each of three de-
terminations of total serotonin and also norepinephrine. The 
brains were frozen on dry ice and kept frozen until time of 
analyses. Fifteen pooled hearts were analysed once for compari-
son. The method of Bogdanski et al., (1956) was used for the 
determination of serotonin and the method of Shore and Olin 
(1958) was used for the determination of norepinephrine. One 
part of the tissue was homogenized in two parts of 0.1 N Hel 
using a motor driven glass homogenizer and the following 
methods were used. 
The mice used were 11-12 weeks old. The 3C-I averaged :ill 
25.0 gms. and the C57Bl/6 24.9 gms. in weight at the time of 
decapitation. 
Determination of Serotonin 
In this procedure serotonin wa,s isolated from biological 
material at pH 10 by extraction into butanol. The extraction 
was augmented by saturating the aqueous phase with sodium chlo-
ride. The butanol phase was washed twice with salt saturated 
borate buffer, pH 10, to remove interfering material. The com-
pound was then returned to an aqueous phase by the addition of 
heptane and shaking with 0.1 N Hel. The aqueous solution was 
adjusted with HOI to a normality of 3, activated in the spectro-
photofluorometer at 295 mu and the resulting fluorescence was 
measured at 550 mu. 
An aliquot of homogenate containing 0.5 to 5 micrograms of 
serotonin was transferred to a 60 ml. glass-stoppered bottle 
and adjusted to aptlroximately pH 10 by the addition of an-
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hydrous sodium oarbonate. Five ml. of borate buffer pH 10 was 
added. The homogenate was diluted with water to a volume of 
15 ml. and then 5 gm. of NaCl and 20 ml. of n-butanol l was 
added 2• The suspension was shaken tor 15 minutes and oentri-
fuged. The fluid was decanted into another bottle. The 
aqueous layer was removed by aspiration and the butanol phase 
was washed twioe by shaking with equal volumes of borate buffer 
Fifteen ml. of the butanol phase was transferred to another 
bottle containing 30 ml. ot heptane2 and 3 ml. of 0.1 N HOI. 
The contents were shaken, centrifuged and the supernatant sol-
vent removed. One ml. 01 the acid layer was added to 0.3 ml. 
of ooncentrated Hel in a quartz cuvette. The solution was 
activated at 295 mu in the spectrophotofluorometer and the re-
sultant fluoresoence measured at 550 rou. 
Because of the distribution of serotonin between salt-sa-
turated buffer and butanol, with the volumes used, only about 
95~ was extracted into the organio solvent. Since three 
eqUilibrations of butanol with salt-saturated buffer was em-
ployed, about 15% of the serotonin was lost. Standards 'were 
prepared by carrying known amounts of serotonin through the 
1 To 94.2 gm. of borio acid dissolved in 3 liters of water, 
165 ml. of 10 N NaOa was added. This was saturated with n-
butanol and sodium chloride by adding these substanoes in 
excess and shaking. The fluid was decanted from the exoess 
salt and the excess n-butanol was removed by aspiration. 
2 Solvents are purified by suocessive washings with 1 N NaOa, 
1 N H01, and two washings with water. 
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entire extraction procedure. A small blank equivalent con-
sisting of 0.1 ug. of serotonin was present in the reagents. 
APproximately 0.1 ug. of serotonin could be detected in the 
tissue but 0., ug. were needed for accurate assa.y. 
Determination of liorepinepl.l.rine 
Nore~inephrine is poorly extracted into butanol but the 
extraction is markedly faoilitated by saturation of the aqueous 
phase with sodium chloride. With ten volumes of butanol to one 
of salt-saturated aqueous phase about 65% of the amines are ex-
tracted. This partition ratio is independent of catechol amine 
concentration. The amines are extracted from acid solution 
since they are unstable in alkaline solution. The catechol 
amines are extzwd.cted back into a.n aqueous phase by lowering the 
solubility of the SUbstances in butanol by the addition of hep-
tane and shaking with a small volume of 0.01 N HOl. 
Procedure 
Three ml. samples of the homogenatel were transferred into 
a 100 ml. glass-stoppered bottle containing 3 to 4 gm. of solid 
NaCl and 30 ml. of butanol. After shaking for one hour on a 
shaking apparatus, the fluid was oentrifuged ~nd a 20 ml. ali-
quot of the butanol was transferred to another 100 ml. bottle 
containing 2.5 ml. of 0.01 N HOl and 35 ml. of heptane. The 
mixture was shaken for 5 minutes and was then centrifuged. The 
aqueous phase was analysed fluoremetrically for catechol amines 
1 The pH requirements for extraction of norepinephrine are not 
critical; the same partition ratio was obtained when the pH of 
the homogenate was varied from 2.5 to 5.5. 
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as described below. 
Standards were prepared by carrying known amounts of nor-
epinephrine through the procedure along with the samples. 
Tissue-free solutions of norepinephrine were shaken for only 
a few minutes, however, as extraction occurred rapidly under 
these conditions and partial 10sB of norepinephrine occurred 
following prolonged shaking in the absenoe of tissue components 
standards were 'prepared by adding a known amount of norepine-
phrine to a separate aliquot of tissue homogenate and the added 
norepinephrine was carried through the extraction procedure. 
Fluorometric Assax 
After extraotion from tissues, the cateohol amines are 
converted to highly fluorescent trihydroX7indoles by a modifi-
cation of the oxidation method of Lund (1950). Oxidation with 
iodine and removal of excess reagent with thiosulfate was found 
to be satisfactory (Udenfriend and Wyngaarden, 1956). 
To estimate the catechol amines in the acid extract, a 
1.5 ml. sample of the extract containing 0.02 to O.~ mg./ml. 
was transferred to a test tube. Half a ml. of pH 5 buffer was 
added fOllowed by 0.1 ml. of iodine reagent. After six minute 
the excess iodine was destroyed by the addition of 0.2 ml. of 
thiosulfate solution. The contents of the tubes were thorough 
ly mixed after each addition. One ml. of the alkaline ascor-
bate solution was then added and 45 minutes were allowed to 
elapse. The solution was activated at 500 mu and the resulti 
fluorescence read at 520 mu in a spectrofluorometer. 
As noted by Lund (1950) the fluorescence of the product 
derived from norepinephrine was decre~sed when oxidation was 
carried out at a low pH while the fluoresoenoe derived from 
epinephrine was affected only slightly. After oxidation at 
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,pH 5, the product s of both aminea s:Q.owed high fluorescence, but 
with substitution of the pH 3 for the pH 5 buffer, the fluores-
cence exhibited after oxidation of norepinephrine was negligible 
compared to that of epinephrine. This difference in oxidation 
at the two pH's served as a convenient meana of differential 
assay of the two catechol amines. To correct for non-catechol 
amine fluorescence, the blank fluorescence was measured in a 
sample of tissue extract omitting the oxidation step by revers-
ing the order of addition of iodine and thiosulfate reagents. l 
3. Results and Conclusions 
Norepinephrine and serotonin levels in brain of 057Bl/6 
mice were higher than those of 3C-1 mice in all determinations. 
The brain content of serotonin ave'raged 0.61 ug./gm. for 057Bl/ 
6 mice and 0.54 ug./gm. for 30-1 mice. The difference was not 
significant (P.'(.l). The difference between strains of brain 
norepinephrine was somewhat greater; the C57Bl/6 averaged 0.60 
ug./gm. while the 3C-1 averaged 0.42 ug./gm. (P<.05) A differ-
ence in the opposite direction was found with regard to the 
heart norepinephrine (Table I). 
Although the differences were small, they wert: consistent-
ly in the same direction. The differences would probably have 
been larger if the cortex and cerebellum had been remo¥ed. 
Maas (1962, 1963) found that the differences in serotonin was 
greater when these ,£.Jarts had been removed in C57Bl/lO and Balb/ 
o ,nice. 
1 The bioamine assay was carried out in the laboratory of Che-
mical Pharmacology, National Institutes of Health. We want to 
express our thanks to Dr • Costa. 
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~1nce 057.81/6 mice have a higher level of motor activity as 
well as escape and avoidance behavior compared to 80-1 mice it 
is possible that the higher level of monoamines in the C57Bl/6 
mice represents greater storage capacity, greater synthesis, 
and/or decreased metabolism of the monoamines; one of these 
fuctors, or a combination of all three could be necessary to 
maintain the greater activity of 057.81/6 mice. Tne fact that 
the small difference between the two strains studied may have 
physiological significance is supported by our results obtained 
witll reserpine tested in the climbing screen apparatus. In the 
first experiment where the responses of both strains of mice 
were small the 057Bl/6 strain was affected leBS than the 80-1 
strain indicating that the monoamines were depleted to a greater 
exteut in SO-I. In the subsequent experiments the results were 
very pronounced but the 80-1 mice returned to normal sooner than 
the 057Bl/6 mice. It is likely that in this second situation 
the depletion of monoamines was pronounced if not complete in 
both strains but that a lon~er period of time was required to 
restore function in the 057Bl/6 mice whose brains normally con-
tained more monoamines. Also the daily testing in the climbing 
screen ap~ratus is stressful and this may have accentuated the 
difference in duration of response to reserpine. Sulser and 
Brodie (1960) have shown that the effect of reserpine on rats 
kept at 4°C indicates that at least se.,t'otonin is not depleted 
as rapidly as it is in animals kept at room temperature. This 
could be due to the effect of a stressful situation induced by 
cold which increases the amount of serotonin present in ~rain bj 
increasing its transmission, synthesis and/or storage. Liber-
son's (1iberson et al., 1964) work on the effect of hypnosis on 
guinea pigs indicates that in a prolonged stressful situation 
at least serotonin is depleted. Also Welch and Welch (1964) 
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Showed that seven days after the intramusoular injections into 
ruice of labeled 3,4-dihydroxyphenylalanine (DOPA), a precursor 
of the monoamine, 3.4-dihydroxyphenylethylamine (Dopamine) and 
noref,inephrine, resulted in twioe the amount of radioaotivity 
in brains of grouped animals when oompared to isolated animals. 
T~lis result was attributed to the inoreased stress caused by 
the presence of other animals. 
The fact that both serotonirl and norepinephrine are higher 
in animals that are more active tends to support Carlsson's 
hypothesis of the roles of monoamines as excitatory transmitllem 
and tha't the deficiency of these same amines results in a se-
dated sta.te. Ho\,rever these interpreta.tions are too simple 
when one cOHsiders the recent work of utena (1965) in Japan. 
utena fOUJld that amphetamine and chlorpromazine cnronioally 
injected into the rats ohanged the monoamine oontents of brain 
tissue but that theae changes were not uniform, sinoe increases 
were found in certain areas whereas no changes or deoreases 
were found in other areas. 
The study of the effect of drugs on muoh more disoreet 
brain seotions for a prolonged period of time and with concom-
mitant behavioral studies are needed to eluoidate relation-
ships between brain monoamine and behavior. 
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c 57 Bl/6 SCI 
!rain serotonin, mierogm/gm 
0.60 0.54 
0.72 0.60 
0.57 0.48 
Brain. nor-epinephrine, microgm/ gm 
0.64 o.~, 
0.62 0.34 
0.53 0.28 
Heart nor-epinephrine, mierogm/gm 
0.67 0.72 
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CHAPTER IV 
MEASUREMEl.'iT OF BRAIN BIOAMINF.J3 AND ACl'.,'TYLCHOLINE 
.. -.-- .. ---_ .. --" .,.. - .. 
PART II. ACETYLCHOLINE 
A. INTRODUCTION AND LITERATURE SURVEY , __• ___ c...;o;o;.. ........ =---...,;;.o;:;.;; ........ .;:..
It has been suggested that the cholineacetylase-acetyl-
choline-cholinesterase system plays an important role in synap-
tic transmission in the central nervous system (Loewi, 1945; 
Feldberg, 1945b; Feldberg and Vogt, 1948; Koelle, 1955; Patton, 
1958). Nachmansohn (1939) demonstrated that the concentration 
of cholinesterase although constant in identical areas of the 
same species, varies considerably in different areas of the 
same species and in the same area of different species. He 
also reported that in oomparison with the caudate and lentiform 
nuclei, the cortica,l areas of the human brain exhibited low 
cholinesterase activity. Some spinal reflexes are depressed 
(knee jerk) others are enhanoed (flexors) by the cholinestera-
se inhibitor eserine. The spinal cord is stimUlated to motor 
discharge when perfused with a.cetylcholine (Bulbring and Burn, 
1,)41). Acetylcholine inj'eoted into the spinal circulation re-
duces the latenoy and increases the amplitude of polysynaptio 
reflexes and eserine prolongs the spinal effects of aoetylcho-
line (Burn, 1945). The only spinal oord synapses proved to be 
cholinergic are those on the Renshaw cells which are activated 
by motor axon collaterals (Eccles, 1961). 
The response measured from a Renshaw cell is potentiated 
by eserine and blocked by d-tubocurarine and the cell is sti-
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mulated by acetylcholine and by nicotine (Curtis et al., 1957). 
The cerebral cortex of mammals is excited by acetylcholine 
especially after eserine. 
High amplitude, spikelike brain waves are set up and tnese 
may be associated with clonic motor activity. The level of 
acetylcholine in an anesthetized cortex is three times that in 
cortex taken during a convulsion (Richter and Crossland, 1949). 
Fluid exuding from active cortex, but not from anesthetized con-
tains considerable aoetylcholine. Dendritic post-synaptic po-
tentials in the cortex elicited by thalamic or oortical stimu-
lation are eliminated by d-tubocurarine but the cortical cell 
bodies are still excitable (Grundfest, 1959). 
Randic et ale (1964) studied individual neurons in the cor-
-tax and the effects of aoetylcholine applied by iontophoresis. 
Out of 415 units examined 24.5% were directly excited by acetyl-
choline; 5.5% of neurons tested were depressed by aoetylcholine; 
also 5% of medullary neurons tested were reported depressed by 
aalmoiraghi and Steiner (1963). In both the hypothalamus (Bloom 
et al., 1963) and olfactory bulb (von Baumgarten, 1963) the pro-
portion of cells depressed- by aoetyloholine is about 18% of the 
total number examined. This effect was reversed by atropine. 
Eccles (1961) has postulated that in general, inhibition in the 
central nervous system is mediated through interneurons. This 
theory is based on the studies of the Renshaw oell system in the 
spinal cord. Responses of optic oortex to impulses coming in 
transcallosal fibers from the opposite cortex are enhanoed by 
acetylcholine or by diisopropyl-fluorophosphate but blocked by 
d-tubocurarine (Marrazzi, 1953). 
Xnesthetics will raise the level of acetylcholine in brain 
(C~oss1and, 19550) while changes during electrooonvulsions show 
a rapid fall of acetyloholine so that cerebral contents are 
Ii 
I 
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halved in animals put into liquid air 2 seconds after current 
Wt:1S applied to :';ead. Convulsion began after brain had recovered 
initial acetylcholine (Richter and Crossland, 1949). Focal 
tissue rewoved frolll patients with epilepsy are found to be nor-
mal in initial bound acetylcholine and free acetylcholine. 
However they have a low production of bound acetylcholine. 
Tissue from alumina or methionine-treated animals was alao low 
in ita formation of bound acetylcholine (McIlwain, 195:5). 
Because acetylcholine is very labile tne cli.6ice method 
of extraction involves freezing of the whole animal in liquid 
ai.r or oxygen. Or:)ssland et ale (1955b) compared the levels 
of acetylcholintt in brains of rata in which the whole animal 
was frozen with those that were frozen immediately after de-
cap1tation and found that the values were somewhat less in the 
latter situation. Brains that were frozen immediately after 
decapitation did not differ in acetylcholine levels from brains 
that were allowed to stand for three minutes betore freezing. 
However, I'Ccllwain (1955) reports that in some investigations 
the opposite is to be found. 
The differences found in acetylcholine may be due to two 
possibilities! 
1. Immersion in liqUid gas provides a strong stimulus to 
the exposed cord and this may cause the brain to release and 
destroy the acetylcholine before the br-din is frozen. 
2. Act of decapitation provides a stimuluB which causes 
loss of acetylcholine but in the exctsed brain resynthesis 
occurs rapidly aided by oxygen and air. Tower and Elliot 
(1952) reported that the presence of oxygen decreased the loss 
of acetylcholine with time in chunks of brains by aiding syn-
thesis which replaced acetylcholine which was being lost. 
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Bennett et al. (1960) studied strain differenoes in acetyl-
choline concentration in rat brain. He compared Tryon animals 
which were bred for maze brightness and maze dullness and Roder-
ick animals which had been selectively bred for high and low 
levels of brain cholinesterase. He found that in the Tryon 
"bright" rats, the high cholinesterase levels paralleled the 
high acetylcholine levels while in the Tryon "dull" rats the 
low cholinesterase levels paralleled the low acetylcholine 
levels. However in the Roderick animals there was no signifi-
cant difference in the brain acetylcholine between the high 
cholinesterase and the low cholinesterase strains. Bennett 
concluded that in order to understand the behavioral effeot of 
acetyloholine the relationship between the syntheSis of aoetyl-
choline by choline acetylase and its hydrolysis by oholinestera-
se as well as the level of aoetylcholine must be studied in the 
same preparation. 
Myers (1964) found that muscarinic cholinergic blocking 
drugs disrupt the acquisitio~but not the retention of a con-
ditioned avoidance response. The action was probably on the 
central nervous system since peripherally acting drugs like 
methyl atropine were ineffective. Sinoe cholinergic blooking 
drugs have amnesic properties in humans (Migdal and Frumin, 
1963; Ostfeld et al., 1960) Meyers felt that musoarinic oholi-
nergic systems might be implicated in the process of recent 
memory and this would explain why the drugs block acquisition 
but not retention of a conditioned avoidanoe response.. (How-
ever this may not be a specific effect since Wolf (1962), and 
Kornetsky and Dawson (1961) have shown that in individual rats, 
the better learned the procedure the greater the resistance to 
drugs.) If this were true then a oritioal site of action might 
be the medical temporal structures especially the hip~ocampus 
IIII 
I I· 
, I, 
II 
I I 
!il l ,I. 
, . 
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which appear to be intimately associated with the prooess of 
recent memory (Scoville and Milner, 1957). 
Since there is a high concentration of endogenous acetyl-
choline in the hippocampus (Feldberg and Vogt, 1948; Gerebtzoff, 
1959; Hebb and Silver, 1956) cholinergic blocking drugs should 
s~ppress activity emanating from this aite. 
If the cholinergic system is implicated in recent memory 
the disruption in it caused by the cholinergic blocking drugs 
must be severe since Tapp (1964) found no difference in the 
acquisition of a lever pressing "reward" response by the two 
strains of Tryon rats who differed in brain cholinesterase and 
acetylcholine. However, Tapp (1964) found that the Tryon 
"bright" rats showed more supprefmion of a conditioned emotiona 
response than Tryon "dull" rats. 
B. METHODFJ 
The level of acetylcholine in 057BI/6 and 30-I mice was 
studied. Because of the difficulty of excising the brain from 
the whole frozen animal and since coml~rable values of both 
strains were required rather than absolute values, the brain 
was frozen immediately following decapitation and excision. 
The mice used were 10-14 weeks old. The 3C-1 averaged 
25.9 gD1S. and the C57Bl/6 averaged 25.0 gms. in body weight at 
the time of decapitation. 
Aeetxlcpplipe Extraction 
For each experiment, the brains of two animals of each 
strain were pooled. Each mouse was decapitated and the brain 
excised and immediately placed in liquid oxygen. The total 
time from decapitation to freezing did not exceed 45 seconds. 
The two brains were placed in a chilled solution (-12°0.) 
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containing 0.2 % glacial acetic acid in 95;~ alcohol. Amount of 
solution used is 0.5 ml./100 mg. of tissue. Tissue was homo-
genized in a motor driven glass conical tissue grinder for a 
period of 10 minutes. By this time the temperature in the tube 
reached approximately OOC. The homogenate was centrifuged 
(2 min.-70G) and the supernatant was decanted into an evaporat-
ing dish. The residue was washed twioe with 1 mI. of 0.5% 
glacial acetic acid in 70% alcohol and then oentri~ged. The 
wash was added to the supernatant. Five mI. of distilled water 
was added and the extract concentrated to 4 mI. or less at 38-
42°0. Distilled water was added so that the final extraot con-
tained 1 or 2 mI. for each 100 mg. of tissue. The extract was 
used the same day in Experiments I, II, III, but stored in a 
freezer overnight for Experiment IV. A blank was prepared by 
the Feldberg method (Feldberg, 1945a) in whieh the extract was 
freed from acetylcnoline by adding 1/10 vol~~e of NaOH boiling 
for 1 minute and then neutralizing with N HOI. The pH of the 
solutions was 4.3. 
Bioassal 
The brain extracts of the C57Bl/6 and 30-1 mice were 
assayed by their effect on the cat blood pressure. A spinal 
preparation was used and .ether anesthesia was administered 
during surgery. The spinal cord was severed at C-I and both 
vagi were cut. Blood presEure was measured in the carotid 
artery by means of a pressure transducer and a Grass poly-
graph. The femoral vein Has cannUlated and. used for all in-
jections and for a slow intravenous drip of saline which was 
administered throughout the experiment. An injection of 0.5 
mI. of test solution was immediately fOllowed by O.~ mI. of 
saline which was administered throughout the experiment • 
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In Experiments I, II, and III the following procedure was 
used. A dose-response curve wat:3 obtained with acetylcholine 
chloridei an 3Y9ropriate dose of acetyloholine was chosen from 
this curve and used for comparison with the extracts. The assay 
consisted of five il1J ections each of the acetyloholine solut ion 
and the tl,fO extracts administered alternately every three minut-
es. Acetylcholine was added to both extracts treated by the 
Feldberg method and tested in two experiments. Pyrilamine male-
ate (1 mg./kg.), an antihistaminic agent, was employed in two 
experiments. Potentiation with physostigmine was attempted in 
one experiment a.nd blockage by atropine in all three experiments 
In one additional experiment a dose-response curve was obtained 
for each extract and for acetylcholine. A Feldberg blank. was 
a.lso used here and potentiation with physostigmine and blockage 
with atropine was also attempted. 
In the first three experiments per cent drop in blood pres-
sure was plotted against doses of acetylcholine and a dose-
response curve was drawn. The control injections of ace~ylcho­
line were averaged and the value plotted on the same graph. 
A line was drawn through this point parallel to the curve in 
order to correct for changes in the sensitivity of the pre.vara-
tion. The ver cent drop in blood pressure oaused by the extraot 
was ,kllotted on this line and the amount present in the extract 
ca.lculated. 
c. RESULTS 
The amount of acetylcholine present in the brains of 057Bl 
6 and 30-1 mice did not differ substantially. The aoetylcholin 
content of whole bz'ain assayed in three experiments averaged 
0.79 ug. for C57Bl/6 tind 0.85 ug. for 3C-I strains; 057:81/6 
averaged 1.83 u.g./gm. and 8C-I averaged 2.10 ug./gro. of bra.in 
,1" 
I 
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reasons were not completed but which gave essentially the same 
responses for both extraots. 
D. CONCLUSIONS 
There is no significant difference in the acetylcholine 
content of whole brain of C57Bl/6 and SO-I mice measured by 
the oat blood pressure method. 
Little is known concerning the cholinergic transmission in 
the oentral nervous system and its relation to behavior. What 
little has been studied is oontroversial. Kreoh et ale (1960, 
1962a, 1962b, 1963) have found good correlations between chan-
ges in cholinesterase aotivity and learning behavior but as 
I" 
,I 
I 
Bennett (1960) pOints out, this does not prove that there are II 
differences in acetylcholine. Cholinesterase also appears 
early in ontogeny sometimes in the unfertilized and in the 
blastula of many species. This cholinesterase could not be 
associated with transmission of nerve impulses (Karczmar, 1963). 
Our data do not point to a relationship between acetyl-
oholine levels and learning since C57Bl/6 mice learned shook 
avoidanoe better than 8C-I in the climbing screen apparatus. 
Although not significant the level of acetylcholine was slightly !1 
greater in the 8C-I than in the C57Bl/6 strain. 
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GRAPH I 
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GRAPH II 
Experiment II 
0--0 ACH 
----- Esti mated curve 
o 
0.2 0.25 0.05 0.1 
).Ig ACH 
Effect of acetylcholine and brain extracts of 057Bl/6 and 
"". 
80-1 mice on cat blood pressure. ! = range of respoD,ses. 
Ordinate: :~ drop in blood pressure; abscissa: ug. acetyl-
choline. 
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gRAPH III 
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GRAPH IV 
Experiment IV 
)J g AC H 
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Dose response curves of brain extracts of 05181/6 and 
80-1 mice oompared to dose response curve of acetylcholine. 
Ordinate: % drop in blood pressure; abscissa; Top line --
ug. acetylcholine, bottom line -- ml. of brain extract. 
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!MLJt I 
Acet,.loholine Oontent in Whole Brain 
aicrogX'all /brain miorollramJJ(ram 
057B1/6 80-1 057B1/6 50-1 
~==.============= 1=========-==== F=====-== 1==-======= ======= 
Experiment I 1.23 1.29 2.97 3.22 
kperiment II 0.68 0.74 1.60 1.80 
Experiment III 0.46 0.57 0.9' 1.28 
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CHAnER V 
ELECTROSHOCK AND PEI!YLENETETRAZOL SEIZURES 
j,. INTRODUCTION AND LITERATURE SURVEY 
Electroshock and metrazol (pentylenetetrazol) induoed 
seizures have been used to di~ferentiate between different 
aspects of electrical activity in the brain and to differentiate 
among anticonvulsant drugs. Eleotroshock and metrazol 8eizures 
have been repeatedly compared and there 18 disagreement as to 
whether or not the two tests are qualitatively as well as 
quan~itatively different. 
There are several important difterences between maximal 
electroshock seizure (MES) and maximal metrazol seizure (MMS). 
A maximal seizure is achieved when muscular discharge can no 
longer be increased by increase in stimulus; the ma~or feature 
of this seizure is a tonic convulsion charaoterized by initial 
f~exion and subsequent extension of the hindlegst The MM8 
pattern i8 clonic-tonic in mice whereas the MIS pattern is tonic 
clamic. This is also true in man (Pinkelman .t ale ,1938). Re-
laxation characteristic of early postiotal depre.sion supervenes 
after the tonic component of the MMS whereas a long period of 
clonus follows the tonic component of the MES. The absence of 
terminal clonus aocounts for the shorter total duration of the 
MMS. Recurrent seizures are never seen atter supramaximal 
electroshock whereas they occur in about half ot the mioe in-
jected with metrazol (38 mg./kg.). The mortality rate from MMS 
is higher than that from MES. The high mortality following KMS 
is probably due to a combination of factors whioh include marked 
depression of vital medullary oenters by the persisting hiGh con 
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oentration of cirOU1a~ing .etrazol and hypoxia and exhaustion 
resulting from the initial and reourrent seizures (Goodmann et 
al., 1953). The initial clonua o~ the RMS is probably due to 
the early selective st~ulation of the aotor oortex during the 
period (several seconds) nece.Bar" for the intravenously in-
jected metrazol to reaoh a concentration capable of causing 
the areas of high frequenoy repetitive diacharges and the appro 
priate seizure spread required for the aaxt.al ~nic) aeizure 
(Goodman et al., 1953). The requirement •• or a maximal oonvul-
sion obtain almost instantaneously after 8upra-axj-sl electri-
cal stimUlation of brief duration and hence the MIS pattern is 
tonic from the start. Supramaximal stimulation i8 u.ed to in-
sure maximal seizure. If a su~fioiently high oonoentration of 
metrazol could be delivered to the brain all at onoe it is quit 
likely that the resulting seizure would be tonio fro. the start 
The absence of terminal clonus in the MMS is more difficult to 
explain. Although the anatomical pathW~Y8 for clonio aeizures 
are oomplex (Rosenbluethet al., 1942) it is usually considered 
that olonic aotivity is initiated in the cortex (Penfield and 
Eriokson, 1941). Sinoe this is so, postioial refractoriness 
ocourring in the cortex may be more intense after the tonic 
component of. the MMS since it is not toll owed by cloniC seizure 
compared to that o~ the MH5 which i8 followed by olonic 
seizures. The oerebral activity evoked by .etrazol disappears 
exponentially with an average halt-lite ot about 34 minute. 
(toman and Goodman, 1948), a value in very good agreement with 
the chemical data of Tatum and Kozelka (1941). Recurrent 
seizures after large intravenous doses of metrazol is explained 
by the relationship between the persisting concentration of 
drug and the degree of refractoriness of the cerebral cortex. 
en thou h the concentration of metrazol remains high, the 
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absolute refractoriness which follows the tonic seizure dis-
charge temporarily prevents any further response to the per-
sisting ohemioal stimulus, and motor quiesoenoe and relaxation 
supervene. As neuronal reoovery progresses into the relative 
refractory period a second seizure may ooour. This is usually 
clonic because the brain is still inoapable of sustaining a 
maximal tonic discharge. Increased refractoriness again ensues 
stopping the clonus relationship between the falling concen-
tration of metrazol and the level of postiotal refractoriness 
of the brain (Goodman et al., 1953). The quantitative and 
temporal aspects of this relationship have been studied in de-
tail (Woodbury, 1952). Recurrent seizures do not follow maxi-
mal convulsion induced by a brief supramaximal electrioal sti-
mulus because the external exoiting agent does not persist. 
During the postiotal reoovery period the normal balanoe between 
facilatory and inhibitory funotion is restored. 
Mitchell and Keasling (l960) conoluded from their experi-
ments that MMS and MES are qualitatively ditferent. 'they 
measured the effects of anticonvulsant drugs en maximal electro-
shock seizure, maximal .etrazol seizure, and the metrazol 
threshold test (MET). These drugs can be separated into at 
least two groups by the ratios ED50MES/ED50MMS and also by the 
ratios ED50MES/ED50MET but not by the ratios ED50MET/ED50MM8. 
This indicates the similarity of the metrazol threshold and 
maximal metrazol seizure test and lack of similarity between 
the electroshock test and the metrazol tests. 
In addition to this Mitohell and Keasling (1960) separated 
mice into two groups on the basis of their response to electro-
shock (presence or absence of tonic extension). The number 
responding to the same stimulus 24 to 48 hours later were the 
same. If however, metrazol followed electroshock, or electro-
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shock followed metrazol, the mice no longer remained in the 
same groups. In other wOrds mice that were sensitive to 
seizures induced by electroshook were not eQually sensitive to 
seizures induced by metrazol. Jeruley and Pfeiffer (1956-1958), 
in their studies of convulsant and anticonvulsant drugs agree 
that the two convulsant stimuli yield different information. 
The most important and constant feature of the maximal 
seizure, the tonic h1ndleg extensor component, its character 
and duration is the same whether metrazol or electroshock is 
employed. Goodman et al. (1953) Buggest"that for this com-
ponent the underlying neurophysiological mechanisms of excita-
tion and recovery are constant and are independent of the ini-
tiating stimulus. 
The latency period following very strong shooks have been 
studied in rabbits (Toman and Goodman, 1948), humans (Jeans and 
Toman, 1956), and mice (Toman et al., 1954). In all these in-
stances there is an initial limiting latenoy of approximately 
one ~econd below which latency cannot normally go regardless 
of ahock strength. This limiting latency is regarded as a 
manifestation of a true inhibitory process initiated by the 
shock and masked by the overwhelming excitatory character of 
the full seizure but still continuing even into the postiotal 
phase. Latency phase should be regarded as a period during 
which the already predetermined seizure is held in abeyance by 
the faster build up of the inhibitory process. In mice, a 
midbrain center may hold the medullary extensor facilitatory 
centers in abeyance (Toman et al., 1957). Lorente de No 
(1947) demonstrated that inhibitory field effects aocompany 
any travelling nerve impulse. 
The effect of metrazol and other convulsant agents have 
been interprete to mean that a convulsant agent operates by 
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B. METHODS 
1. Electroshook Latenoy 
The method of Toman and EYere~t (1958) was used for 
measuring eleotroshook latenoy_ Electroshock seizures were 
produced by means of a Grass stimulator delivering 1 maeo. pul-
ses at 140V. and 100/seo. frequenoy tor 0., seo. through oornea 
eleotrodes. Latenoy from onset of ahock to initiation of the 
tonic phase ot the seizure was measured by stopwatch; two ex-
periments were performed. Ten to twelve mioe per strain per 
experiment were used. In the seoond experiment the duration of 
extensor tonus was reoorded and also no artifioial respiration 
was used so that the number of fatalities oould be reoorded. 
This data was analysed by means of Student's unpaired T-test. 
In addition. three Peromysous maniou1atus bairdii mioe were 
tested. 
2. Pentylenetetrazol Reaponse. 
Pentylenetetrazol (metrazol), 1.5% solution was infused 
into the tail vein by means of a motor-driven syringe at the 
rate of 0.28 al. per minute. The needle conneoted to the 
s7ringe by means of po1Tth71ene ~ub1ng was plaoed in the v_in. 
The test mouse was allowed to run free under an inverted olear 
plastio oage before the infusion began. Latenoies ot olonic 
oonvulsions, tonio oonvulsions, and of death were measured in 
seconds by means of a stopwatch (Bastian and Krause, 1959). 
C. RESULTS 
1. Eleotroshock Latenoy 
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I mice fell into two groups: E1e~en of the mice died 14 to 24 
seconds after extensor tonus, and seven -- 46 to 119 seoonds 
after extensor tonus; one mouse did not undergo extensor tonus 
but died in 104 seconds, which falls in the time range of the 
second group. 
All the mioe of both strains that died within 26 seconds 
following extensor tonus died of respiratory failure due to the 
seizure since none ever respired again. The later deaths were 
probably due to other causes (Bastian and Krause, 1959). If 
exact probabilities are calCulated treating the data as occur-
renoe or non-oocurrenoe of death during the first time period, 
a significant difference is found between the tvo strains (P = 
O.0015). 
D. CO.eLUSIONS 
There is a highly significant difference in latency reS-
ponse to electroshook seizure between 80-1 and 057.81/6 mioe. 
It is unlikely that the longer latency of 057.81/6 mice can be 
attributed to greater stress placed on this strain by the expe-
rimental situation even though increased stress does lengthen 
the latenoy response (Toman and EVerett, 1958), since stress as 
measured by Toman and Everett also abolishes fatalities and de-
creasea tonio seizures. In the electroshook prooedure all ani-
mals had a full tonio seizure and three fatalities occurred in 
the C57Bl/6 strain that had the longer latencies oompared to 
no fatalities in the 5C-I strain. 
Since susceptibi.ity to seizure correlated with latency of 
response in strains of mice subJeoted to an audiogenio stimulus 
(Fuller and Williams, 1951) it is probable that the differenoe 
in latencies to electroshock also reflect a difference in sus-
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ceptibility to convulsions. The lack of response in Peromyscus 
may simply mean that these mioe are low on a susceptibility to 
seizure soale while C57Bl/6 would be intermediate and 30-1 would 
be high on this same soale. 
However, oonvulsive seizures induced by metrazol did not 
differentiate between the two strains. These results oonfirm 
the assumption referred to in tile literature, that a qualitative 
differenoe exists between MBS and MMS prooedures. 
A real difference exists in the three groups of mice 
studied. Since metrazol may aot by inhibiting normal inhibi-
tory prooesses, these inhibitory meohanisms are probably the 
same in 30-1 and 057:81/6 strains. The differenoe in electro-
shock seizure latenoies may be due to a difference in an inhi-
bitory prooess initiated by the shook. The balance between 
the exoitatory and inhibitory processes may determine the lengtt 
of latency and the ocourrence or non-oocurrence of seizure. 
Death due to convulsions also differed between strains. 
Both electroshook and metrazol had greater lethality for 057:81/ 
6 than for 30-1 strains. All C57Bl/6 deaths were due to res-
piratory failure while the 30-1 deaths due to metrazol fell in 
two oategories: Death due to respiratory failure ocourred 
within 24 seoonds after' extensor tonus; death due to other 
causes ooourred later. (Mioe dying in the seoond period re-
oovered initial respiration but recurrent oonvulsions occurred 
and death was proba1Jly -the result of hypoxia and exhaustion. 
The mice were not allowed to reoover since metrazol was in-
fused until death occurred.) The difference here may lie in 
the different capacity of the respiratory oenters to return 
to normal. 
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TABLE I 
Electroshock Latenoy 
I 
Strain wt. Number Ave. Range % Difference 
Animals Lat. 
Sec • 
• ========c=~=======~================:=========================== 
Experiment I 
SO-I 25 10 1.73 1.5-1.8 100 
(one 2.6) 
C57B1/6 24.4 12 2.3 1.9-2.8 133 
Peromysous 18 3 --- --- ---
~-===;=====~=====;=-===============~===:==============c========= 
Experiment II 
SO-1 24.0 10 2.1 1.8-2.3 100 
---
C57B1/6 24.9 10 3.3 2.3-4.2 160 
-
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t4~L$ II 
Panty1 enetat razo1 Convulsions 
J.xperiment I 
M N. 0 . .-
dtrain No. Wt. Clonic Extensor Death 
Ani- (lms. Convulsions sea. :ronus seoa. Seos. 
ma.18 
Ave. Bange Ave. Range Ave. BalJ.ge Ave. Range 
=1:-=:':':':&.:'-"'; ... :Ci!Z:7$;;>'lI::;: :;;;.:.::"",. ::.;:&-:::::.:o£I.t: FO~ 'C;'", z;.c: ';,,, :;;;.,,;.:, ;;,;::,.;,.~;:;.";;~;."::~';;;;";::: '=,:%:";:;::":':.- :'.:' "'!::.."Z~ -= -::1' 1';' ~:;;1,i.').:~!f~ :;'";: -_;:.::;:-:;t~~~~~ .. 
C57Bl/6 10 23 .. ' 21-25 35.1 23-48 36.7 28-5' 57.0 48-70 
:';0-1 10 22.B 2v-24 }2.0 18-48 36.2 21-61 81.2 45-124 
-
_.-
ExperiiCent 11 
====~=~,""'"' ;;..;~ ... ...:=: .... ;;;..:.;. =:c.,:;:=;:;~...:::. _,:.':.'::';;;~~:;;,";:;':::l=::;~_- '=,~~~~;::':'~;:t;.;:; • e·;::.a==;t."';;.,;.;t.:;; ~. :::S,.U;.;c 7"' ... .,"' .. ', ..:=. :'" ""'::~ 
C57,81/6 9 24.4 22-26 27.5 24-}2 ,1.8 28-,6 52.6 47-57 
.--
30-1 ':J 24.9 22-27 28.7 16-"i} 32.8 22-47 78.1 43-14J 
-I..,.~,- ,110 
-
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QYAP.CER VI 
SUMMARY AN~ CONCLUSI01Ut 
The 057Bl/6 strain had a higher level of motor aotivity 
than the 80-1 strain whether spontaneous aotivity was measured 
ill Bastian oages and jiggle cages or motivated aotivity was 
measured in the olimbing soreen apparatus. The 057Bl/6 mice 
were more reaotive to handling and per~ormed better in both 
escape and avoiding situations than the 30-1 mioe. The 80-1 
mioe demonstrated more exploratory, aggressive and "freezing" 
behavior. The 057B1/6 mioe had a longer eleotroshook 1atenoy 
but did not differ in oonvulsive response to metrazol infusion. 
The 057Bl/6 mioe were more susoeptib1e to oonvulsive death than 
the 80-1 mice. In general 057Bl/6 mioe were more sensitive to 
oh10rpromazine, reserpine, and phenobarbital than 80-1 mice. 
057B1/6 mioe exhibited a slightly higher level ot brain sero-
tonin and norepinephrine than 30-1 while 80-1 had a slightly 
higher brain level of aoetyloho1ine than 057Bl/6. 
With regard to the differences in drug sensitivity between 
the strains, 057Bl/6 mice were more sensitive than 8C~I mioe 
to depressant agents and to pent71enetetrazol. Sensitivity to 
stimulants seems to parallel that to depressant agents in 
humans and in animals. For instance Kornetsky and Evarts (1957) 
showed that individual rats characterized by high pentobarbital 
threshold exhibited also high amphetamine threshold. In humans 
Shagass (1960) found that tolerance to exoitant drugs is high 
in individuals who exhibit high tolerance to sedative agents. 
The drug sensitivity in these mice correlated with high 
motor aotivity_ This correlation seems to be analogous to 
I 
I 
I 
.I 
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under anesthesia that differences between strains could be found. 
Furthermore, since the cholinergic system has been implicated 
in recent memory and in acquisition of avoidance response 
(Myers et al., 1964; Migdal and Frumin, 1963. Ostfeld et al., 
1960) (discussed in Chapter II) one might expect that the dif-
ference in performance of the two strains of mice tested in the 
avoidance situation might be indicative of a difference in the 
cholinergic system of these mice. This is not indicated by our 
results. 
The results were as expected that the strain with the highe] 
levels of brain amine had also a ~onger eleotroshook latency, 
higher motor activity and were more sensitive to depressant 
and stimulant drugs while the expectation of ditferenoes in the 
cholinergic system was not found. 
Behavioral aggressiveness seemed to be inversely correlated 
with the parameters already discllssed. The more aggressive 30-1 
mice had short electroshock latency and exhibited low motor 
activity as well as low sensitivity to agents studied at present 
In fact, continuous correlation between electroshock and aggres-
siveness can be established for three mice strains studied at 
present; the more aggressive, less-avoiding 3C-l strain exhibi-
ted shorter, while less aggressive, more avoiding C57Bl/6 mioe 
exhibited longer electroshook latenoy; and finally, Peromyscus 
which were desoribed as unaggressive and highly avoiding (King, 
1957b; Ter~ant 1959) were found most resistant to electroshock. 
It is of interest that a highly aggressive mouse strain, 
Onychomys leucogaster, is highly resistant to chlorpromazine 
(Clark, 1962). Finally, if any way anger and aggressive 
behavior can be related in humans, it is an interesting fact 
that Shagass (1960) reports that anger in humans produced 
marked increase in pentothal threshold. 
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It has been shown that differences in the behavior of 
several strains of mice can be correlated with differential 
responses to centrally-acting agents and with neurophysiological 
and biochemical characteristics. The mechanisms underlying 
these correlations are only speculative at present. 
Since environmental oonditions were kept oonstant for 
each experiment, differences between strains were presumed to 
be genetically determined and true for the male sex since the 
female was not studied. 
The circumstances tha.t bring about aggression are very oom-
plex and the releaser in this particular situation is the ~res­
ence of another male. The limited environment probably aggra-
vates agonistic behavior that would be solved in a less limited 
place by withdrawal of one of the mice. 
The 30-1 mice probably have a greater propensity to form 
immediately a hierarchal relationship when compared to 057Bl/6; 
this situation c~uld be analogous to that studied by Fuller 
(1951) when comparing DBA/2 with C57£1/6 litt'Jr8 raised together 
from birth. Confrontation for DBA/2 mice resulted in immediate 
challenge and rapid formation of a hierarchy while 057B1/6 mice 
shared to a greater extent space and possessions. This former 
ty~e of confrontation is also very prevalent in a disorganized 
society (Calhoun. 1~50b). Both environmellt and heredity oan 
bring about the aggressive confrontation. One could speoulate 
that when the difference is genetically determined the thres-
hold of the "fight center" in the brain is lower and more easily 
activated by the input of Visual, olfactory and taotile stimuli. 
Pain would also inorease the stimulus input. The fighting that 
takes place in a more speoialized situation suoh as competition 
for the possession of a single loose food pellet after food de-
privation Observed for 057:81/6 mice (Fredericson, 1951; 1952a; 
r - 115 -1952b) probably involves oomplex cortical },iathways. Monoamines 
are probably not important in the transmisi~ion of impulses in 
these pathways sine e the brain level of the more a8gres8ive 
strain, SC-I, is lower thfl,n in the less aggresoive strain, 
C57Bl/6. 
Since SC-1 strain has been observed to eat more and gain 
more weight and are less active than C57Bl/6, one would suspect 
that the di'fferenoe between these two strains would involve the 
areas of the ventromedial nuoleus, the dorsomedial nucleus and 
the lateral parts of the hypothalamus since these areas are 
known to be involved in these functions. Lesions in the ventro-
medial nuoleus of the cat often produoe a marked increase in 
ap.:,;et'ite (Anand, 1951; Ingram, 1952), savageness, and decrease 
I 
in activity (Ingram, 1952). Also stimUlation in the hypothala-
mic area of the oat can result in attack which may then change 
into esoape (Hess, 1957). A multirepresentational system 
exists in the oat which when activated leads to escape (Ursin, 
1960; Hess, 1957) also shows that the escape areas concentrated 
in the l~teral hypothalamus are inters,persed with areas of 
motor activity and that frec:uently stimulation which begins by 
increasing motor activity results in flight. 
Since attack is stronger in 5C-I while escape is stronger 
in 057Bl/6 one can postUlate that the neuronal bala.noe of the 
hypothalamic area of the C57Bl/6 strain tends towards high 
activity in the motor activity and escape area and may be media 
ted through monoamines. 
The fact that the C57Bl/6 strain has a slightly higher 
brain level of monoamines, while at the same time it is more 
sensitive to drugs affecting monoamines, and responds to elec-
troshock when compared to the SO-1 strain in a manner consist-
ent with a higher level of rnonoamines in this strain indicates 
- 116 -
that the difference in level of monoamines in these two strains 
may be important. 
The difference in acquisition of avoidance response in the 
two strains studied could also involve a.reas olosely conneoted 
to ·the hypothala.mus; The septal a.rea and -I;he cingulate gyru.s. 
Rats with septal lesions acquire an avoidance response more 
rapidly than rats with lesions in the amygdala and normal I~ts 
(King, 1958) while removal of the cingulate oortex impaired 
avoidance conditioning in the oat (McCleary, 1961). 
All the differences observed between SC-I and C57Bl/6 
strdins could be accounted for by differenoes in neuronal 
balance of the 'hypothalamus and related limbio struotures. 
I 
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